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SYNOPSIS. 


Question XII. — Economical traction 
methods for use in particular cases, as 
per example : 


a) Organization of train services on the 
minor lines of the large systems carry- 
ing little traffic, and of little used trains 
on the more important lines of these sys- 
tems. 


b) Use of special tractors for shunt- 


ing in smaller yards and for certain work 
in large yards. 

Questionnaire on Question XII as in- 
cluded in this report was submitted to 
twenty-three railroads in the United 
States and Canada and the following ma- 
de reply, details of which are shown fur- 
ther on : 

Baltimore & Ohio Railroad; 

Chesapeake & Ohio Railroad; 


(4) This question runs as follows : 
example : 


« Economical traction methods for use in particular cases, as for 


A) Organisation of train’ services on the minor lines of the large systems carrying little traffic, and of 
little used trains on the more important lines of these systems. 
B) Use of special tractors for shun'ing in smaller yards and for certain work in large yards ». 
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Richmond, Fredericksburg and Poto- 
mac Railroad; 

Illinois Central Railroad; 

Philadelphia & Reading Railroad; 

Central of Georgia Railroad; 

Louisville & Nashville Railroad; 

Ulster & Delaware Railroad; 

New York Central Railroad; 

Pennsylvania Railroad. 


When questionnaires were issued and 
up to the present time, the question of 
motor rail car transportation was very 
much in the state of flux and is still in 
the experimental stage, and the limited 
number of replies received is occasioned 
through the lack of sufficient experience 
on the part of the railroads to enable 
them to give any authentic data, there- 
fore, the hesitancy of the railroads in 
replying. 

The basis of the whole subject is that 
of economic operation and in order to 
determine this, a certain period of time 
is an important factor. The attitude of 
the public must be gauged and this can 
only be done by actual installation and 
operation of this new method of trans- 
portation and this means development of 
new types of equipment to meet and ful- 
fil the requirements. It must be consi- 
dered that transportation is to be fur- 
nished to sparsely settled localities, then 
again in highly concentrated areas of po- 
pulation, the character of the country 
through which the trains are operated, 
namely level, mountainous and undulat- 
ing country, where it is partially level 
and mountainous, long runs on level li- 
nes and shorter runs in the more un- 
dulated and hilly country, and further 
complicated by the volume handled un- 
der the above conditions; for instance, 
in certain localities a 60-horsepower gas 


rail motor car can handle the business 
offered, which is the most economical 
and simple form of motor car propul- 
sion; then we have to step up to the gas- 
or oil-electric cars ranging in horsepo- 
wer from 150 to 250, 300, 600 and 750 and 
then the oil-electric locomotive for main 
line service we enter the field of 1.000 to 
1350 horsepower. ) 

The steam engine rail motor car is be- 
ing given some consideration because of 
its flexibility..in the rate of speed and 
horsepower. The application of fuel oil 
and distillate to the operation of the 
engine in the motor rail car is receiving 
the serious attention of the designers and ~ 
developers and a most desirable detail is 
the perfection of an adequate mechanical 
variable speed drive to deliver the power 
from the engine without any other me- 
dium directly to the driving wheels. 

The question of the operation of the 
rail motor cars on the steam operated li- 
nes where they interlap in their runs on 
the less frequented lines, occasions ex- 
perience to determine as to the liability 
of interference. The more densely popu- 
lated Continental Countries present a more 
complex phase of operation in handling 
passenger and baggage at and between 
stations than does the service in the 
Countries reporting, hence the traffic 
conditions in this country do not match 
with those of other Countries and replies 
to some of the questions cannot be given. 

We are giving below a comparative sta- 
tement showing the number of passen- 
ger, freight and mixed trains, daily oper- 
ated by the Baltimore & Ohio over dis- 
tricts where rail motor cars are operated, 
which gives an idea of the proportion of 
each, handled in their respective terri- 
tories. 


173 


XII—151 


Statement showing number of trains run daily over districts where rail motor cars 


are operated. 


Baltimore & Washington . . 
Hagerstown, Frederick & Stras- 
burg Junction . : 4 
Harrisonburg & Lexington ay: 
Hancock & Berkeley Springs . 
Green Spring & Petersburg . 
M,. & K. Jet. & Morgantown . 
Charleston, Gassaway & Sutton 
Bridgeport & Holloway . 
Parkersburg & Zanesville 
Painesville & Haselton . 
Parkersburg & Portsmouth . 
Dayton & Chillicothe . 
Flora to Beardstown . 
Flora to Shawneetown 
Indianapolis to Decatur . 
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These rail motor cars are operated 
through various characters of country 
and the exhibits (N* 25 to 34) cover 
maps and profiles of the different divi- 
sions and will furnish a clearer idea of 
the country traversed. Because of the 
limited size of the profiles, the curva- 
tures are omitted. 

We are giving below information as to 
the individual runs, the divisions over 
which the motor cars operate, the grad- 
es and curvatures and the percentage of 
the relation of the curvature to the tan- 
gent. It will be noted in some instanc- 
es the runs will be covered by more 
than one exhibit. 


Baltimore to Washington. — This is 
the Baltimore Division and extends from 
Camden station, Baltimore City, Mary- 
land, to Washington, District of Colum- 
bia, via Relay. Camden Station to Relay 
is shown on the main line profile, exhi- 
bit 25, and from Relay to Washington 
on the Washington Branch profile, ex- 
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hibit 25. The distance between Balti- 


more. and Washington is 38.3 miles. 
There are four trains per day. About 
two miles from the station for a dist- 
ance of 1 1/2 miles, a grade of 0.8 % is 
encountered; after this it is relatively 
level to Relay. About half a mile beyond 
Relay is again encountered a 0.38 % 
grade for a distance of 5 miles, then re- 
latively level for about 8 miles when 
there is a down grade for a distance of 
6 miles, of 0.38 %; this grade must be 
traversed on the return trip. Then the 
line runs through a relatively level 
country for some distance and encoun- 
ters a grade going into Washington vary- 
ing from 0.38 % to 0.5 % for a distance 
of 2 miles. The curvature encountered 
on this run is from 1 degree to ten de- 
grees, mostly 2, 4, and 6°. About 30 % 
of the run is curvature. 

The following three runs cover 13 
trains. 


1. — Brunswick, Point of Rocks (Was- 
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hington Junction) on the Baltimore Di- 
vision and shown on main line profile, 
exhibit 25. In this run, very heavy traf- 
fie conditions are met with, both passen- 
ger and freight, over the main line from 
Brunswick to Point of Rocks (Washing- 
ton Junction), the passenger traffic be- 
ing diverted at Washington Junction to 
Washington City and the freight traffic 
diverted at Point ot Rocks (Washington 
Junction) to Frederick Junction over the 
old main line through Mt. Airy on to 
Baltimore, Md. : 

This is practically a level country from 
Brunswick to Point of Rocks (Washing- 
ton Junction) and from this point to 
Frederick Junction are encountered gra- 
des in either direction from 0.3 %: to 
0.58 % and from Brunswick to Frederick 
Junction about 1.5 %. This division co- 
vers a distance af about 24 miles and 
40 % of same is curvature. 


2. — Brunswick Weverton to Hager- 
town on the Baltimore Division, a dis- 
tance: of 26 miles shown on profile of 
Washington County Branch, exhibit 25. 
Between Brunswick and Weverton is 
again encountered heavy traffic on the 
main line in both passenger and freight 
trains. Brunswick to Weverton is a level 
grade, between Weverton and Hagers- 
town; the line starts from Weverton im- 
“mediately on a 1.7 % grade for a dis- 
tance of over a mile and continues to 
climb for 7 miles mostly a grade of 1.5 % 
encountering curvature to the extent of 
more than 5° and as high as 10° and 
from that point for a distance of about 
5 miles, it traverses a declining grade of 
the same per cent and same degree of 
curvature and from there to Hagerstown 
an undulated country with a general rise 
of 0.5 % to about 1 % for a short dis- 
tance. About 45 % of this division is 
curvature with an average of about 4°. 


3. — Brunswick, Weverton, Harpers 
Ferry to Strasburg, Baltimore Division, as 
shown on main line profile exhibit 25 
and Strasburg Sub-Division profile, ex-. 
hibit 26. Here agrain there is a heavy 
main line passenger and freight service 
from Brunswick to Harpers Ferry. 

From Brunswick to Weverton and Har- 
pers Ferry is a river grade. From Har- 
pers Ferry to Strasburg, no particular 
heavy grades are encountered. About 
60 % of the line is curvature wherein 
the highest is 5° and 15” with a general 
run from 2° to 4°. 


Harrisburg to Lexington. — This is on 
the Shennandoah Sub-Division and co- 
vers a distance of 62 miles, having 4 
trains per day, being a little used line 
from Harpers Ferry South. This is prac- 
tically a river grade except towards the 
south end where for a short distance 
14 % declining grade is encountered. 
About 60 % of this division is curvature, 
ranging from 2 to 4°. 


Hancock to Berkeley Springs. — On the 
Cumberland Division, shown on exhibit 
27, covering a distance of 6 miles with 
6 trains per day. This is a gradual up 
hill grade of about 0.5 % and for a short 
distance of a mile 14 %. About 55 % 
of this division is curvature with: high- 
est degree of curvature 19° and 30’ and 
ranging from 17° to 6°. 


Green Spring to Petersburg. — Cum-— 
berland Division. — There are 4 trains 
per day over this division covering a 
distance of 54 miles. The profile is 
shown on the South Branch, exhibit 27. 
This is mostly a river line; six miles 
south from Green Spring is encountered 
a considerable rise, varying from 0.5 % 
up to 1.6 % and in the opposite direc- 
tion this hill shows the same percentage 
of grade and curvature. About 60 % of 
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this line is curvature and ranges from 
10 down to 1 degree. 


M. & K. and Morgantown. — Cumber- 
Jand Division. — This run extends 47 
miles and 4 trains per day operate over 
same. It is shown on Cumberland Di- 
vision map, exhibit 27. For 414 miles 
out of Rowlsburg there is a slightly de- 
clining river grade after which comes an 
up hill grade of 14 miles running from 
18 % to 22 %. On the opposite side 
of the mountain there is a similar down 
grade in the center of which for a dis- 
tance of 6 miles. come declining grades 
from 0.3 % to 1 %. About 75 % of 
this line is curvature, the maximum. be- 
ing 11° and 30/ and averaging from 8° 
fon8?: 


Charleston, Gassaway &-Sutton— This 
is on the Charleston Division as shown 
on exhibit 34, a distance of 93.8 miles 
having 6 trains a day. This traverses a 
level country from Charleston to Gassa- 
way; about 75 % of the distance is cur- 
yature the maximum being 15° and 30’. 
A large percentage of the grades range 
5° to 8° and the remainder from 2° to 5°. 


Bridgeport to Holloway. — On the 
Wheeling Division, shown on exhibit 28, 
a distance of 31 miles with 2 trains per 
day. The profile is shown on the C.L.W. 
Branch of exhibit 28. 

From Bridgeport for 75 % of the dis- 
tance there is a gradual rise in the gra- 
de from 0.37 % to 049 % where the 
line drops down a hill with 1.17 % grade. 
About 65 % of the division is curvature 
with a maximum of 8°, but generally run- 
ning from 3° to 5°. ; 


Zanesville to Parkersburg. —- On the 
Newark Division, exhibit 29 covering a 
distance of 88.3 miles with 2 trains per 
day. On this run is encountered heavy 


freight traffic. This is a relatively level 
river grade encountering in a few in- 
stances for a short distance rises of 1 %. 
About 65 % of the line is curvature 
averaging 2, 3, 4, 5 and some 8 degrees. 


Painesville to Haselton. — On the New 
Castle Division for a distance of 54.7 
miles, with 2 trains daily. Shown on 
exhibit 31. The profile from Painesville 
to De Forrest Junction in on the Lake 
Branch and De Forrest Junction to Ha- 
selton is on the old main line. We have 
on this-line south from Painesville about 
8 miles of 1 to 148 % grades and for 
four miles in the opposite direction a 
14 % grade. This is a level division 
and there is about 25 % of curvature 
on the line the maximum being 8° and 
the major portion running from 3° to 5°. 


Parkersburg to Portsmouth. — On the 
Ohio. Division, a distance of about 125 
miles having 2 trains per day. The pro- 
file is shown on the main line from Par- 
kersburg to Hamden, exhibit 30, where 
it traverses a busy freight and passenger 
line and from Hamden to Portsmouth, a 
little frequented line, is shown on the 
Portsmouth Branch profile. This is 
relatively level road from Parkersburg to 
Hamden, about 30 % being curvature 
ranging from 1° to 3°. Hamden to Port- 
smouth is an undulated line with a stretch 
of relatively level country encountering 
throughout the division grades from 0.5 % 
to 1.5%. About 25 % of the division is 
curvature, running from 10° to 12° and 
from 2 to 3 and 4 degrees. 


Dayton to Chillicothe. — On the To- 
ledo Division, exhibit 32, covering a dis- 
tance of 80 miles with 2 trains per day. 
This is relatively level country encoun- 
tering grades on some portions of 06 %. 
About 20 % of the division is curvature 
generally from 2° to 6°. 
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‘Flora to Beardstown. — On the Illi- 
nois Division, a distance of 154.4. miles 
with six trains per day. The profile is 
shown on Springfield Sub-Division, ex- 
hibit 33. This division runs through le- 
vel country; about 10 % of this divi- 
sion is curvature ranging from 2° to 4° 
and in some few instances 5° to 6°. 


Flora to Shawneetown. — On the IlIli- 
nois Division, a distance of 74 miles. 
This is shown on the Springfield Sub- 
Division profile, exhibit 33. This is level 
country and about 10 % is curvature, 
running to between 1° and 2°. 


Indianapolis to Decatur. — On the In- 
dianapolis Division, covering a distance 
of 153 miles. We have no profile for 
this and it runs through generally level 
country with easy curvature of about 2°. 


Generally speaking, there is a strong 
trend towards the use of motor rail cars 
because of their more economical opera- 
tion, but the subject is complicated with 
the question as to what use are the light 
steam locomotives to be put when with- 
drawn from the little frequented lines. 
Many of these locomotives are in good 
serviceable condition and the disposition 
will be probably to wear them out on 
the little used trains on the more impor- 
tant lines and during the interim the 
developing of an acceptable design of 
rail motor car will take place. 


The service and operation of the rail 
motor car as outlined on the Baltimore 
and Ohio Railroad is representative of 
the operation generally in the country, 
giving a wide scope of country and oper- 
ating conditions. 

The following is data from Baltimore 
and Ohio operation : 

The speed of the motor car trains varies 
from 40 to 60 miles per hour. Gas con- 


sumed is from 4 to 5 gallons per mile 
depending on the operating conditions. 


Cents 
The average cost per train-mile 
for fuel gasoline ’ 6.82 
The average cost per train-mile 
for lubricants F 0.49 
The average cost of crew-motor- 
man, conductor and ee 
per train mile 48.78 


Average maintenance cost Of mo- 
1OTSs er Be a 
Average maintenance cost of cars 


and trailers per train-mile 1.39 
Average cost of miscellaneous sup- 
plies, etc., per train-mile 3 Al 


The average cost of steam operation 
covering general expenses, operation and 
maintenance : minimum $0.69, maximum 
$1.79. 

The average cost of the oil-electrie en- 
gine is 32 cents per car handled, or 12.2 
cents per engine-mile based on 6 miles 
per hour. 

The average cost of the gasoline loco- 
motive is 18.8 cents per car handled or 
3.45 cents per engine-mile on 6 miles per 
hour basis. 

The crew’s wages for the oil-electric 
locomotive is 51.5 cents per engine-mile 
on 6 miles per hour basis. 

The crew’s wages for the gasoline loco- 
motive is 41.3 cents per engine-mile on 
6 miles per hour hasis. 

The Baltimore & Ohio has no one-man 
operated rail motor cars; they are usual- 
ly handled by engineman, conductor, and 
in most cases an additional man either 
flagman ‘or baggageman is employed. 

The cabs are located on the right pide 
in front end of the car. 

The rate of pay on the motor cars 
is based on that of the steam opprated 
locomotives. 
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The following is data given by the 
New York Central Lines. 


-Economical operation on the branches 
of this system and certain main line di- 
visions carrying relatively light traffic, 
has been accomplished in passenger ser- 
vice, only by the use of gasoline-mecha- 
nical or gasoline-electric rail motor cars. 

The class of car, seating arrangement, 
power plant, equipment and number of 
cars used are governed by the local con- 
ditions to be met. The cars are of suffi- 
cient size and capacity to handle average 
traffic. Exceedingly heavy traffic during 
holidays is handled by steam equipment. 

The most difficult rail car runs, with 
reference to speed, number of stops, 
schedule and profile, are represented by 
trains 76 and 69 of the St. Lawrence Di- 
vision, New York Central Railroad. 


No one man crews are. being used. 
Each crew consists of two and sometimes 
three men. 

(Cars are stored at stations or engine 
houses, depending upon facilities availa- 
ble. Maintenance work is handled by 
mechanics: picked from regular engine 
house forces. 

Fuel performance varies in accordance 
with profile, speed and number of stops. 
An average figure for the gas-mechanical 
motor car operating without trailer is 


2.5 miles per gallon and for the gasoline- 
electric ears, which as indicated by the 
attached data, are considerably larger and 
heavier, is 1.6 miles per gallon. 

Average figures for total operating 
costs are as follows : 


Gas-mechanieal cars, 
Gas-electric cars . 
Steam trains 


60 cents per mile. 
65 cents per mile, 
95 cents per mile. 


Average yearly mileage for the gas- 
mechanical units has been approximate- 
ly 50000. It is estimated that similar 
yearly mileage will be made by the gas- 
electric cars. 

Average cost of gas-mechanical cars 
ranges from $25 000 to $35 000 and for 
the gas-electric single power plant cars, 
$45.000 to $50000. The Diesel power 
plant gas-electric cars range from $60 000 
to $85 000 each. 

Rates of depreciation used, which is 
applied to the entire unit, are 14 % for 
the gas-mechanical and 10 % for the gas- 
electric cars. 

It is planned to install additional cars 
wherever studies of local conditions in- 
dicate that it is economically eons 
to do so. 

Following this synopsis, a summary 
of detailed replies to the Questionnaire, 
made by the various railroads, will be 
found. 
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Summary of detailed replies of various Railroads to questionnaire on 
Question XII. 


A. — Organization of train services on 
the minor lines of the large systems 
carrying little traffic and of little used 
trains on the more important lines of 
these systems. 


QUESTION. 1. — What methods of econo- 
mical traction do you employ for passenger 
trains on little frequented lines and for little 
frequented trains on more important lines ? 


Answers. 


Baltimore & Ohio. — For this service 
we are, in cases, using gas-electric motor 
cars, some operating with trailers, and 
in other cases straight gas cars are used. 
Generally, light steam locomotives are 
used which are available on account of 
not being economical in heavier service. 


Chesapeake & Ohio. — Use the lighter 


type of steam locomotives with one com- — 


bination baggage and mail car and one 
coach, manned by engine and train crews 
to meet the law requirements. 


Richmond, Fredericksburg & Potomac. 
— In general, we employ light Pacific 
type locomotives equipped with super- 
heaters; also gas-electric motor cars for 
little frequented trains on our line. In 
one instance, highway motor buses have 
superseded steam operated trains. 


Illinois Central. — Gasoline operated 
motor cars and small steam locomotives. 


Philadelphia & Reading. — Substitut- 
ing gas-mechanical, gas-electric and oil- 
electric motor cars for steam. 


Central of Georgia. — Light steam loco- 
motives and gasoline rail cars. 


Louisville & Nashville. — Gasoline- 
electric motor cars. 
Ulster & Delaware. — Use nothing 


but steam locomotives. 


Pennsylvania, — Gasoline or gasoline- 
electric. 


QUESTION 2, — Light steam locomotives. 
Answers. 


Baltimore & Ohio. — We still have in 
service on local trains, in branch line 
service, a number of light steam locomo- 
tives. 


Chesapeake & Ohio. — Still have in ser- 
vice light steam locomotives. 


Richmond, Fredericksburg & Potomac. 
— The majority of our little frequented 
passenger trains are handled by light 
Pacific type locomotives. 


Illinois Central. — Still have in use 
light steam locomotives. 


Philadelphia & Reading. — Still have 
in use nine American type (4-4-0) loco- 
motives. 


Central of Georgia. — Have in use 
eight- and ten-wheel type. 


Louisville & Nashville. — None in use. 


Ulster & Delaware.— No, regular steam 
power used in all passenger service. 


Pennsylvania. — None in use. 


QUESTION 3. — Locomotives propelled by 
gasoline engines? 


Answers. 


Baltimore & Ohio. — We have one 
locomotive propelled by gasoline engine 
operating in light industrial switching 
service : 

Total weight . 

Tractive power . 

Fuel tank capacity. 


36 000 Ib. 
16 100 Ib. 
50 gallons, 


Exhibit 1. — Oil-electric locomotive No. 1, Class D. E., Baltimore and Ohio Railroad. 
Built by American Locomotive Co., General Electric Co. and Ingersoll Rand, 
Erie, Pa., 1925. 

Total weight: 120000 Ib. 
Tractive power: 36000 Ib, 
Operating voltage: 600. 


Number. of motors : 
H M-640-G — D.C. 


Type of motors : 


4, 


Driver brake: W. A. B 


Chesapeake & Ohio. —- None in use. 


Richmond, Fredericksburg & Potomac. 
— Not used. 


Philadelphia & Reading. — Not used. 
Central, of Georgia. — None in service. 
Louisville & Nashville. — Not used. 
Ulster & Delaware. — Not used. 
Pennsylvania. — None in use. 
QUESTION 4. — Locomotives propelled by 
internal combustion engines (Diesel engines)? 


Answers. 


Baltimore & Ohio. — The only locomo- 
tive we have, propelled by internal com- 
bustion engine, is one operating in 
switching service at Twenty Sixth Street 
Pier, New York City. (See exhibit 1). 


Chesapeake & Ohio. — None in use. 


Richmond, Fredericksburg & Potomac. 
— None in use. 


Illinois Central. — None in use. 


Philadelphia & Reading. — None in 
use. 


Central of Georgia. — None in use. 
Louisville & Nashville. — None in use. 
Ulster & Delaware. — None in use. 
Pennsylvania. — None in use. 
QUESTION 5. — Electric storage battery 


locomotives. 
Answers. 


Baltimore & Ohio. — We have no oil 
or oil-electric motor cars, 


Chesapeake & Ohio. — Have none in 
use. 


Richmond, Fredericksburg & Potomac. 
— None in use. 


Illinois Central. — None in use. 


Philadelphia & Reading. — None in 
use. 
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Central of Georgia. — None in use. 
Louisville & Nashville. — None in use 
Ulster & Delaware. — None in use. 


Pennsylvania. — None in use. 


QUESTION 6. — Steam motor cars. 


Answers. 


Baltimore & Ohio. 
steam motor cars. 


— We have no 


Chesapeake & Ohio. — None in use. 


- Richmond, Fredericksburg & Potomac. 
— None in use. 


Illinois Central. — None in use. 


Philadelphia & Reading. — None in 
use. 


Central of Georgia. — None in service. 


Louisville & Nashville. — None in ser- 
vice. 


Ulster & Delaware. — None in use. 


Pennsylvania. — None in use. 


QUESTION 7. — Gasoline or gasoline-elec- 
tric motor cars. 


Answers. 


Baltimore & Ohio. — We use gasoline 
and gasoline-electric motor cars as men- 
tioned in answer to question No. 1 and 
described in answer to question No. 42. 


Chesapeake & Ohio. — None in use. 


Richmond, Fredericksburg & Potomac. 
— We have one gasoline-electric motor 
car which has replaced steam operation 
in local passenger service. 


Illinois Central. — Yes for passenger 
and express service. 


Philadelphia & Reading. — Two gas- 
mechanical and six gas-electric. 


Central of Georgia. — We have one 
gasoline rail car in service. 


Louisville & Nashville. — One Brill- 
Westinghouse gas-electric motor car, 
250 H.P., 1100 r. p. m. One Sterling 
G. E. gas-electric motor car, 165 H. P., 
1200 r. p. m. 

Ulster & Delaware. — None in use. 


Pennsylvania. — Yes. 

QUESTION 8. — Oil or oil-electric motor 
cars ? 

Answers. 

Baltimore & Ohio. — We have no oil 
or oil-electric motor cars. 

Chesapeake & Ohio. — Have none in 
use. 


Richmond, Fredericksburg & Potomac 
— None in use. 


Illinois Central. — None in use. 


Philadelphia & Reading. — None in 
use. 


Central of Georgia. — None in use. 

Louisville & Nashville. — None in use 

Ulster & Delaware. — None in use. 

Pennsylvania, — None in use. 

QUESTION 9. —— Storage battery motor 
cars ? 

Answers. 

Baltimore & Ohio. — None in use. 

Chesapeake & Ohio, — None in use. 

Richmond, Fredericksburg & Poto- 


mac. — None in use. 
Illinois Central. — None. 
Philadelphia & Reading. — None. 
Central of Georgia. — None in use. 
Louisville & Nashville. — None in use, — 
Ulster & Delaware..— None in use. 
Pennsylvania. — None in use. 


QUESTION 10. — Other systems ? 
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Answers. Illinois Central, — No. 
Baltimore & Ohio. — We are using Philadelphia & Reading. — No. 
ees aes American 8-wheel type Centrai of Georgia. — Light steam lo- 
eee comotives only. — Six light 10-wheel 


Chesapeake & Ohio. — None. 


Richmond, Fredericksburg & Poto- 
mac. — In one case highway motor bu- 
ses have superseded steam operated 
trains in suburban passenger service. 


Illinois Central. — None. 
Philadelphia & Reading. — None. 


Central of Georgia. — None. 


Louisville et Nashville. None. 


Ulster & Delaware. — None. 


Pennsylvania. — None in use. 


QUESTION 11. — Please show number of 
units by class and type, which you have in 
Service, year of introduction and year of pur- 
chase of latest units of each type. 


Answers. 


Replies to this question are shown in 
the table on page 782, 


QUESTION 12. — Do you use similar me- 
thods for certain freight trains? If so, give 
information as above regarding motive po- 
wer, 


Answers. 


_ Baltimore & Ohio. — Steam locomo- 
tives are used for freight trains, except 
the one industrial freight switching lo- 
comotive as mentioned in answers to 
Questions 3 and 4. 


Chesapeake & Ohio. — No. 


Richmond, Fredericksburg & Poto- 
mac. — For local freight trains we em- 
ploy light Pacific power similar to those 
described in answer to Question 11. 


locomotives in service; 1890 to 1896. 
Louisville & Nashville. — No. 
Ulster & Delaware. — No. 


Pennsylvania. — No. 


QUESTION 13. — Among the motor car 
types enumerated, which ones do you intend 
to discontinue ? What are the reasons ? 


Answers. 


Baltimore & Ohio. — Will eventually 
discontinue the three (3) gasoline cars, 
as they are limited to capacity and trai- 
ler load. . 


Chesapeake & Ohio. — No motor car 
types. 


Richmond, Fredericksburg & Poto- 
mac. — None discontinued. 


Illinois Central. — Discontinued none. 
Will not purchase in the future any ga- 
soline car operated direct drive, but the 
electric drive instead for all horsepower 
of 175 and above. 


Philadelphia & Reading. — The pur- 
chase of the gas-mechanical cars has 
been discontinued on account of being 
too small, 


Central of Georgia. — We have one 
gasoline rail car only put into service 
in 1928. We do not intend to disconti- 
nue the use at present. 


Ulster & Delaware. — None. 
Louisville & Nashville. — None. 


Pennsylvania. Some of the earlier 
types of straight gasoline as they are too 
light. 
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Intro- | Purchase 
Railroad. DESCRIPTION. duction, latest 
: year. unit. 


ST 


Baltimore & Ohio. . .- 3 gasoline-motor passenger and baggage 
cars. 1923 1925 
16 gas-electric passenger cars. 1927 1928 
1 gas-electric passenger-baggage and mail 
eee aS : 4928 
1 oil-electric switching locomotive. 1925 
1 gasoline locomotive switcher. 1926 
Chesapeake & Ohio . . | 1 4-4-0, 8-wheel passenger. 4905 1905 
1 4-4-0, 8-wheel passenger. 1907 1907 
Illinois Central. . . - 2 gasoline direct drive motor cars. 1926 
2 gasoline, electric drive motor cars. 1914 
Philadelphia & Reading 9 American type steam-locomotives. 1885 4904 
2 8-wheel passenger cars. Gasoline-me- 
chanical. 1923 1923 
6 8-wheel passenger cars. Gasoline-electric. 1925 1928 
Central of Georgia . - | 35 light 8-wheel steam locomotives. 1882 
3 light 10-wheel steam locomotives. 1890 
1 gasoline rail ear put in service. 1928 
Louisville & Nashville . 1 Sterling G. HE, gas-electrie motor car. 1926 
eg a gas-electric motor 4928 
Richmond, : Fredericks- 1 gasoline-electric motor car with trailer 
burg & Potomac. which is replaced by steam operation on : 
certain local passenger schedules. 1928 
For local passenger service use light 
Pacifie type locomotive. 1905 
Ulster & Delaware . . None. 
Pennsylvania... .; 3 oasoli Tei fy 2 
BE gece Weight from 29500 to 4922 1926 
18 gasoline-electric. 1925 1928 


5 are 60 ft. long. — 250 H.P. — 90000 Ib. 
1 is 73 ft. long. — 240 H.P. — 116 000 Ib. 
6 are 73 ft. long. — 275 H.P. — 122 000 Ib. 
6 are 73 ft. long. — 350 H.P. — 132 000 Ib. 
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QUESTION 14. — By what types do you 
intend to replace them ? 


Answers. 


Baltimore & Ohio. — Gasoline-elec- 
trics, or Diesel engines if and when de- 
yelopment of latter type reaches point 
where adoption is justified. 


Chesapeake & Ohio. — None. 


Richmond, Fredericksburg & Poto- 
mac. — None. 


Illinois Central. — None at the pre- 
sent. ; 


Philadelphia & Reading. —- Gas-elec- 
tric for oil-electric. 


Central of Georgia. — This has not 
been decided. 


Louisville & Nashville. — None. 
Ulster & Delaware. — None. 


Pennsylvania. — Electric transmis- 
sion type. 


QUESTION 15. — Give the following des- 
cription, information for each of the types 
enumerated in reply to Question 11. — Sket- 
ches. 


Answers. 


Baltimore & Ohio. — See exhibits 2 
to 10. 


Chesapeake & Ohio. — No motor car 
types. 


Richmond, Fredericksburg & Poto- 
mac. — See exhibits 13 to 16. 


Illinois Central, — ... 


Philadelphia & Reading. — See exhi- 
bits 17 to 23. 


Central of Georgia. — See exhibit 24. 


Louisville & Nashville. — See exhi- 
bits 11 and 12. 


Ulster & Delaware. — No motors. 


QUESTION 17. — Distance center to cen- 
ter of trucks ? 


Answers. 


Baltimore & Ohio. 


Class G-1 : 16 ft. 0 in. 

Class G-2, G-3 32 ft. 0 in. 

Class GE-1, GE-2, GE-5, 

GE-6'. “Seep ope - 41 ft. 31/4 in. 

Class GE-7 53 ft. 9 in. 
Chesapeake & Ohio. — No motor car 

types. 


Richmond, Fredericksburg & Potomac. 
Front truck, 7 ft. 9 in. 
Back truck, 7 ft. 6 in. 


Illinois Central. 
Motor truck, 6 ft. 10 in. and 8 ft. 4 in. 
Trailer truck, 7 ft. 0 in. and 6 ft. 0 in. 


Philadelphia & Reading, —- See exhi- 
bits 17 to 23. 


Central of Georgia. — See exhibit 24. 


Louisville & Nashville. 
11 and 12. 


See exhibits 


Ulster & Delaware. — No motor cars. 


Pennsylvania. 

Gasoline, 22 ft. 2 in., 22 ft. 3 in. and 
32 ft0 in: 

Gasoline-electric, 41 ft. 6 in. and 58 ft. 
6 in. 


QULSTION 18. — Total wheel base. 
Answers. 


Baltimore & Ohio. 


Gali sy = 20 ft. 8 in. 
G-2, G-3 62 ft. 8 in. 
GE-1.. 48 ft. 1/4 in. 


GE-2, GE-3, GE-5, GE-6 48 ft. 31/4 in. 
Ghy fe Gale © lc. 60 fi. 81/4 in. 


Cheseapeake & Ohio. — No motor car 
types. psa 
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Exhibit 11. — Gas-electric passenger motor car No. 90, Louisville and Nashville Railroad Company. 


Builder: J. G. Brill Co. 

Date built: 1926. 

Buel: Gasoline. 

Gas engine: Dolphin. 
Cylinders: 7 1/4” x 8”. 

BP. 225, at 1400 rp. m. 
Generator, G. E.-T. D. C. 6-105. 
Motors, G. E. 240-E (2 mot.). 
Air compressor, G. H.-C. P. 128-01. 
Transmission : Electric. 

Air brake: West. A. B. M. 


Air signal: West. A. B. M. 
Batteries : Exide. 

Truck: Brill. 

Capacity of gas. tank: 150 gall. 
Cooling system: Fin and tube. 
Circle cooling. 

Cooling radiation. 

Fuel feed: Vacuum. 

Heater :. Peter Smith. — Radiation. 
Capacity : 86 passengers. 


Exhibit 12. — Gas-electric passenger motor car No. 91, Louisville and Nashville Railroad Company. 


Builder: J. B. Brill Co. 
Date built: 1928. 

Fue] : Gasoline. 

Gas engine: Brill-W. 
Oylinders': 7 1/4” x 8”. 

W. P.: 250 at 1100 r. p. m. 


Generator : W. HE. Co., No. 34-H-286. 


Motors: W. E. 569-2-230 H. P. 
Air compressor: W. B. 1). H.-25. 
Transmission: Electric. 

Air brake: West. A. B. M. 


Air signal: West. A. B. M. 
Batteries: Exide M. Y. H, 13-2. 
Truck: Brill. 

Capacity of tank: 150 gall. 
Cooling system: Fin and tube. 
Circle cooling. 

Cooling radiation. 

Tuel feed: Vacuum. 
Heater: Peter Smith. — 
Capacity : 81 passengers, 


Radiation. 
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Exhibit 14. — Gas-electric rail cars, Richmond, Iredericksburg and Potomac Railroad. 


Richmond, Fredericksburg & Poto- 
mac. 

Gasoline electric motor car, 34 1/2 
feet. 

Pacific type locomotive, 69 feet. 


Illinois Central. —- All cars and loco- 
motives, leading truck, 33 feet. 


Philadelphia & Reading. — See exhi- 
bits 17 to 23. 

Central of Georgia, — See exhibit 24. 
' Louisville & Nashville. — See exhibits 
11 and 12. 

Ulster & Delaware. — No-motor cars. 


Pennsylvania. 

Gasoline, 30 ft. 0 in., 30 ft. 1 in. and 
39 ft. 8 in. 

Gasoline-electric, 48 ft. 
4 1/2 in. 


QUESTION 19. — Diameter of wheels ? 


3 in. and 60 ft. 


Answers. 


Baltimore & Ohio. —- 
to 10. 


See exhibits 2 
Chesapeake & Ohio. —- No motor car 


types. 


Richmond, Fredericksburg & Poto- 
mac. —- See exhibits 13 to 16. 


Illinois Centrai... 


Philadelphia & Reading. — See exhi- 
bits 17 to 23. 


Central of Georgia. — See exhibit 24. 

Louisville & Nashville. —— See exhibit 
11 and 12. 

Ulster & Delaware. —- No motors. 

Pennsylvania. 


Gasoline, 30 and 33 inches. 
Gasoline-electric, 33 and 36 inches. 


796 
XU-174 


mee coeS 
FOUL 
MOSS 2 pe aes a 


s T-11, Richmond, Fredericksburg and Potomac Railroad. 


Exhibit 15. — Trailing car 


Construction: All stecl. Roller bearings. 
fae RENE Lae ; Air brake: Schedule. 
Weight : 82680 Ib. Built by J. G. Brill Co., 1928. 


Journals: 5” x 9”. 


Smoking Comp-_ 
Seats 2 


Exhibit 16. — Trailing cars T-11, Richmond, Fredericksburg and Potomac Railroad... 
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Exhibit 24. — Gasoline rail car No. 10, Central of Genen Railroad. 


Builder: J. G. Brill Co, (Model 55). 
Date built: November 1928. 
Weight ; 32.000 lb, 
Journals: 8° diam., Timken roller bearings. 
Wheels : 30’, cast steel, steel tires. 
Air brakes: Westinghouse D. H. B. 10, compressor. 
Hand brake: Bach end of car. 
Roof: Poplar covered with canvas. 
Doors: Rear vestibule 29 5/8”, baggage rocm 42’. 
Trap doors: Edwards 3 V-in rear vestibule. 
Windows: Double sash. 
Vestibule : Each end of car. 
Lighting system: Electric, 12 volts. 
Heating system: Peter Smith No. 2-C, hot water. 
Headlight: Golden glow H. D. B.-96, 
Marker lights: Brackets each end of car. 
Fire extinguisher: Pyrene. 
Couplers: Pull socket each end. 
Pilot-Steel. 
Ventilators; 10 Brill. Bxhanst in roof. 
Engine: Continental model, 15 H., six-cyl, 
Bore 4 1/2”, Stroke 5 3/4’, H. P.: 92 at 1500 r, p. m., normal speed. 
Seating capacity : 29. 


QUESTION 20. — Length over buffers ? Chesapeake & Ohio. — No motor car 
Answers. j pes. 


Baltimore & Ohio. 
G-1 SORE Cie oo ataians 
G-2, G3 2 ee eer ol ing 
GE-1, GE-2, GE-3, GE-5, Illinois Central. 

GEO. Se ee Oa tea Motor cars, 70 ft. 3 1/2 in. 
GET ie 4. Se ello Lesa Motor cars, 55 ft, 6 in. 


Richmond; Fredericksburg & Poto- 
mac. — Electric motor car, 75 ft. 1/2 in. 
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Philadelphia & Reading, — See exhi- 
bits 17 to 23. 


Central of Georgia. — See exhibit 24. 


Louisville & Nashville. — See exhibits 
11 and 12. 


Ulster & Delaware. —- None. 


Pennsylvania. 

Gasoline, 42 ft. 7 5/16 in., 43 ft. 7 in. 
and 55 ft. 0 in. 

Gasoline-electric, 60 ft. 0 in. and 73 ft. 
0 in. 


QUISTION 21, — Length of body for motor 
cars, locomotives and cars ? 


Answers. 


Baltimore & Ohio. 


Class G-1 : 2906 Fin. 5 - 
GiisseG2, G-3 «ti... . > 55 ft. 0'in. 
Class GE-1, GE-2, GE-3-, 

GE-5, GE-6 ere 60 ftyOun, 
Class GE-7 73 ft. 0 in. 


Chesapeake & Ohio. — No motors. 


Richmond, Fredericksburg & Poto- 
mac. — Gasoline-electric motor car, 73 ft. 
0 in. 


Illinois Central. 
Nos. 113 to 116 motor cars, 55 ft. 0 in. 
Nos. 117 to 120 motor cars, 66 ft. 4 in. 


Philadelphia & Reading. — See exhi- 
_ bits 17 to 23. 


Central of Georgia. — See exhibit 24. 


Louisville & Nashville. — See exhibits 
11 and 12, 


Ulster & Delaware. — Blank. . 

Pennsylvania. — Same as No. 20. 

QUESTION 22. — Gauge of track? 
Answers. 


Standard (4 ft. 8 1/2 


systems. 


in.) on all 


QUESTION 23. — Type of motor (steam, 
explosion, alcohol, gasoline, oil, gas, heavy oil 
engine) ? 


Answers. 


Baltimore & Ohio. 


Class G-1, gasoline, chain drive. 

Class G-2, G-3, gasoline, gear drive. 

Class GE-1, GE-2, GE-3, GE-5, GE-6, 
GE-7, gasoline, electric drive. 


Chesapeake & Ohio. — No motors. 


Richmond, Fredericksburg & Poto- 
mac. — Gasoline-electric. 


Illinois Central. — Gasoline. 


Philadelphia & Reading. — See exhi- 
bits 17 to 23. 


Central of Georgia. — Gasoline. 
Louisville & Nashville. — Blank. 
Ulster & Delaware. — No motors. 


Pennsylvania, — Explosion gasoline. 


In the case of steam motive power. 


QUESTION 24. — Type of boiler, with 
details of special system ? 


Answers. 


Baltimore & Ohio. — We use the con- 
ventional type radial stay locomotive 
boiler. 


Chesapeake & Ohio. — Belpaire fire- 
tube type, rounded backhead equipped 
with brick arch. 


Richmond, Fredericksburg & Poto- 
mac. — Straight top, wide firebox radial 
stayed, firebox equipped with two ther- 
mic syphons. 


Illinois Central. —- Small 8-wheel lo- 
comotives with the usual type of wagon 
top boiler. Have no special system, 


Philadelphia & Reading. — Wooten 
type firebox boiler. 
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Central of Georgia. — Wagon top boi- 
ler with narrow firebox. No special 
system. 


Louisville & Nashville. — Blank. 


Ulster & Delaware. 

(On Stony Cove & Hunter Branch): 

Wagon top type, narrow firebox (20 
class engine, saturated). 

(On main line): 

Wagon top type wide firebox (30 class 
superheater) with helper engine with 
wagon top type, narrow firebox (20 class 
superheated). 


Pennsylvania. — Not used 


QUESTION 25. — Number of tubes, inside 
diameter and length. ; 


Answers. 


Baltimore & Ohio. — The tubes are 
2 inches inside diameter, 2-1/4 inches 
outside diameter and varying in length 
on the different equipment from 11 to 
15 feet. 


Chesapeake & Ohio. 

1 unit-241 tubes, 1 3/4 inches [, D. —- 
11 ft. 7 1/16 in. long. 

1 unit-270 tubes; 1 3/4 inches I. D. — 
11 ft. 7 1/16 in. long. 


Richmond, Fredericksburg & Potomac. 

114 tubes, 2-1/4 in. diameter, length 
19 ft. 6 in. 

24 flues, 5-1/2 in. 
19 ft. 6 in. 


diameter, length 


Iilinois Central. 
232 tubes, 11 ft. 7 
OOD al s/4 ins I De 


Philadelphia & Reading. -— From 237 


1/8 in. long., 2 in. 


to 324 tubes. Diameter: 1 1/2, 1 3/4 or 
2 inches. 

Central of Georgia. — From 161 to 
250 tubes. Diameter : 2 inches. 


Louisville & Nashville. — Blank. 


Ulster & Delaware. 
20 class-saturated — 320, 1 3/4 in. I. D., 
14 ft. long. 

20 class-superheated — 166, 1 3/4 in. 
I. D., 14 ft. long. ty 
30 class-superheated — 169, 1 3/4 in. 

I. D., 14 ft. 4 in. long. 
30 class-superheated — 24, 5 in. I. D., 
14 ft. 4 in. long. 


Pennsylvania. —— Not used. 


QUESTION 26, — Heating surface.— a) For 
saturated steam? 


Answers. 


Baltimore & Ohio. — The American 
8-wheel saturated steam locomotive has 
a heating surface of 1 555.44 square feet. 


Chesapeake & Ohio. 
1 unit : 1618.86 square feet. 
1 unit : 1793.48 square feet. 


Richmond, Fredericksburg & Poto- 
mac. 
Firebox 136 square feet 
Tubes 1389 square feet 
Arch tube 14 4 square feet 


Tot. saturated steam 


Philadelphia & Reading. — 
13209 to 1614 sq. feet. 


Central of Georgia. — From 1 038.4 to 
1650 sq. feet. 


Louisville & Nashville. — Blank. 
Ulster & Delaware. — 2 496 sq. feet. 


1539 3 square feet 


From 


Pennsylvania. — Not used. 
QUESTION 27. — b) For superheated 
steam.’ 
Answers. 


Baltimore & Ohio. — The Atlantic 
type superheated steam locomotive has a 
total heating surface of 1890.16 square 
feet, and the superheating surface is 414 
square feet additional. 
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Chesapeake & Ohio. — None super- 
heated. 


Richmond, Fredericksburg & Poto- 
mac. — 553 square feet. 


Illinois Central. —- None. 
Philadelphia & Reading. — None. 
Central of Georgia, — None of these 


locomotives superheated. 
Louisville & Nashville. — Blank. 


Ulster & Delaware. 
20 class — 2 233 square feet. 
30 class — 2 285 square feet. 


Pennsylvania. — Not used. 


QUESTION 28. — Average and maximum 
temperature of superheat (Fahrenheit)? 


Answers. 


Baltimore & Ohio. — Average tempe- 
rature superheat 604° F., maximum 725° F., 


Chesapeake & Ohio. — None super- 
heated. 


Richmond, Fredericksburg & Poto- 
mac, — 


Illinois Central. — None. 
Central of Georgia. — No superheat. 
Louisville & Nashville, — Blank. 


Ulster & Delaware. — Average 666° F., 
maximum, 720° F. 


Pennsylvania. — Not used. 

QUESTION 29. — System of superheating. 
Answers. 

Baltimore & Ohio. — The Schmidt 


double loop type design superheater is 
used. 


Chesapeake & Ohio. — None super- 
heated. j 


Richmond, Fredericksburg & Poto- 


mac. — The Superheater Company’s 
« A», 
Illinois Central. —- None. 


Philadelphia & Reading. — None. 
Central of Georgia. — None. 
Louisville & Nashville. — Blank. 


Ulster & Delaware. — Elesco type « A » 
(Schmidt), 


Pennsylvania. —- Not used. 


QUESTION 30. — Working pressure (lb. 


per square inch.). 
Answers. 


Baltimore & Ohio. — The boiler pres- 
sure on the American 8-wheel is 170 lb. 
and on the Atlantic type 205 Ib. 


Chesapeake & Ohio. — 180 lb. 


Richmond, Fredericksburg & Poto- 
mac. — 200 lb. per square inch, gauge 
pressure. 


Illinois Central. — 165 to 175 lb. 


Philadelphia & Reading. — 160 lb. mi- 
nimum, 180 lb. maximum. 


Central of Georgia. — From 125 to 
180 Ib. 


Louisville & Nashville. — Blank. 
Ulster & Delaware. — 200 Ib. 


Pennsylvania. — Not used. 


QUESTION 31. — Nature of fuel, peculiari- 
ties of method of firing (for example oil while 
running, coal when standing). 


Answers. 


Baltimore & Ohio. — Use run-of-mine 
bituminous coal on both classes of loco- 
motives, they being hand fired. 


Chesapeake & Ohio. — Bituminous 
coal, hand fired only. 
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Richmond, Fredericksburg & Poto- 
mac. — Bituminous coal. 


Illinois Central, — Bituminous coal, 
ordinary hand firing. 


Philadelphia & Reading. — Bitumi- 
nous coal, standing and running. 


Central of Georgia. — Bituminous fuel 
at all times, fired by hand only. 


Louisville & Nashville. — Blank. 
Ulster & Delaware. — Bituminous coal. 


Pennsylvania. — Not used. 


QUESTION 32. — Combustion apparatus 
in the case of liquid fuel? (Please describe 
and attach plan). 

Answers. 

Baltimore & Ohio, — Blank. 

Chesapeake & Ohio. — Blank. 


Richmond, Fredericksburg & Poto- 


mac. — Blank. 
Illinois Central. — Blank. 
Philadelphia & Reading. — Blank. 
Central of Georgia. — Blank. 
Louisville & Nashville. — Blank. 
Ulster & Delaware. — Blank. 


Pennsylvania. — Not used. 


QUESTION 33. — Grate system: plain or 
rocking grate and method of shaking—hand or 
power? 


Answers. 


Baltimore & Ohio, — We use the box 
type rocking grate with hand shaking 
lever. 


Chesapeake & Ohio. — Rocking type, 
handpower for shaking. 


Richmond, Fredericksburg & Poto- 
mac. —- Rocking type, hand shaker, 


Illinois Central. — Rocking finger-bar 
grate and shaken by hand. 


Philadelphia & Reading. — Rocking; 
hand operated. 


Central of Georgia. — Table grates, 
rocking type, shaken by hand. 


Louisville & Nashville. — Rocking 
grates, dump grate in front and back 
ends, hand operated. 


Ulster & Delaware. — Rocking grates, 
dump grates in front and back ends, 
hand operated. 


Pennsylvania. — Not used. 


QUESTION 34. — Number and type of feed 
water apparatus, water gauges, gauge cocks 
and safety appliances? 


Answers. 


Baltimore & Ohio. — Two non-lifting 
injectors are used and, where space is 
available on the back head, a water co- 
lumn is placed on the right side with 
a water glass connected thereto, an ad- 
ditional water glass on the left side of 
the back head and three screw thread 
gauge cocks in the water column. 


Chesapeake & Ohio. — 2 units each 
having: 

2 ordinary type lifting injectors and 
boiler checks; 

1 ordinary type tubular water glass 
and shield; = 

3 ordinary type screw thread gauge 
cocks; 

1 fusible type low water alarm with 
whistle; 

2 ordinary spring type safety valves, 
2 1/2 inches, U. S. safety appliance stan- 
dard. : 


Richmond, Fredericksburg & Poto- 
mac. — 2 non-lifting injectors, one W-B 
water column, three gauge cocks. 
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Illinois Central, — 2 lifting injectors, 
1 water glass, 3 gauge cocks, No water 
alarm or other safety appliances. 


Philadelphia & Reading. — Injector 
(live steam), 1 bull’s eye water glass, 
3 compression gauge cocks, 2 spring sa- 
fety valves. 


Central of Georgia.. — 2 injectors, 
one water gauge, three gauge cocks and 
two relief valves. 


Louisville & Nashville. — Blank. 


Ulster & Delaware. — 2 lifting injec- 
tors, 1 bull’s eye water gauge, 3 com- 
pression gauge cocks. 


Pennsylvania. — Not used. 


Machinery. 
QUESTION 35. — Single or double expan- 
sion. 


Answers. 


Baltimore & Ohio. — We use single 
expansion locomotive. 


Chesapeake & Ohio. — Single expan- 
sion. 


Richmond, Fredericksburg & Poto- 
mac, — Single expansion. 


Illinois Central. — Single expansion. 


Philadelphia & Reading. — Single ex- 
pansion, 


Central of Georgia. — Single expan- 
sion. 


Louisville & Nashville. — Blank. 


Ulster & Delaware. — Single expan- 
sion. 
Pennsylvania. — Not used. 


QUESTION 36. — Number of cylinders, dia- 
meter, stroke and their arrangement? 


Answers. 


Baltimore & Ohio. — These are two 
cylinder. locomotives, the Atlantic type 


being 22x26 inches and the American 
8-wheel, 20 24 inches. The former has 
outside steam pipes with piston valve 
cylinders and the latter inside steam 
pipes with slide valve cylinders. 


Chesapeake & Ohio. — Two cylinders 
18-inch diameter, 26-inch stroke, ordi- 
nary arrangement of cast in half sad- 
les and bolted to frames and boiler in 
the usual manner. 


Richmond, Fredericksburg & Poto- 
mac. — Two cylinders, 21-inch diame- 
ter, 26-inch stroke. 


Illinois Central. —- Two cylinders 
with rods connected to crank pins on 
outside of wheels. Diameter 18 inches 
and stroke 25 inches. 


Philadelphia & Reading. — Two cy- 
linders outside of frame, horizontal, di- 
rect connected: 

18 1/222 inches. 

20x 22 inches. 

19 1/222 inches. 


Central of Georgia. — Two cylinders. 


Louisville & Nashville. — Blank. 


Ulster & Delaware. 
20 class : Two, 19-inch diameter, 26- 
inch stroke, horizontal outside of frames. 
20 class: Two, 20-inch diameter, 26- 
inch stroke, horizontal outside of frames. 


Pennsylvania. — Not used. 
QUESTION 37. — Valve system. 


Answers. 


Baltimore & Ohio. — The Atlantic 
type has inside admission piston valves 
and the American 8-wheel, outside ad- 
mission « D » slide valves. 

Chesapeake & Ohio. — 1 unit plain 
« D » slide valves, 1 unit ordinary pis- 
ton valves. 


Richmond, Fredericksburg & Poto- 
mac. — 10-inch diameter piston valves. 
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_ Illinois Central. — Slide valves, balan- schaerts geared Atlantic and by eccen- 
ced type. tric and rod on the Stephenson geared 
; A i -W : 
Philadelphia & Reading. — « D » slide peta ata 


valve (balanced). 


Central of Georgia. — Plain « D » type 
slide valve. 


Louisville & Nashville. — Blank. 


Ulster & Delaware. 

20 class, saturated —D slide, balanced; 
20 class, superheated —- piston; 

30 class, superheated — piston. 


Pennsylvania. — Not used. 
QUESTION 38. — Valve gear? 
Answers. 


Baltimore & Ohio. — The Atlantic 
type has Walschaerts valve gear and the 
American 8-wheel, Stephenson valve 
gear. 


Chesapeake & Ohio. — 1 unit Stephen- 
son, 1 unit Walschaerts. 


Richmond, Fredericksburg & Poto- 


mac, — Walschaerts valve gear. 
« Illinois Central. — Stephenson link 
motion, 


e 


Philadelphia & Reading. — Stephen- 
son. 


Central of Georgia. — Stephenson link 
motion driven by eccentrics on main 
driving axles. 


Louisville & Nashville. — Blank. 
Ulster & Delaware. — Stephenson. 


Pennsylvania. -— Not used. 


QUESTION 39. — Method of motion trans- 
mission (by rod and crank, chains, etc.). 


Answers. 


Baltimore & Ohio. — The transmis- 
sion is by crank and rod on the Wal- 


Chesapeake & Ohio. — Usual methods 
of transmission for Stephenson and Wal- 
schaerts gears. 


Richmond, Fredericksburg & Poto- 
mac. — Rods. 


Illinois Central. — Transmission by 
typical design of connecting rods and 
pins. 


Philadelphia & Reading. — Main and 
side rods. 


Central of Georgia. Motion trans- 
mission by rod and crank. 


Louisville & Nashville. — Blank. 
Ulster & Delaware. — Rod and crank. 


Pennsylvania, — Not used. 


QUESTION 40. — Interesting details of mo- 
tion work, of balance, lubrication, etc. 


Answers. 


Baltimore & Ohio. —- Motion work 
equipped with case hardened pins and 
bushings, lubricated by oil cups and 
cylinder valves by hydrostatic force 
feed lubricator. 


Chesapeake & Ohio. — Nothing un- 


usual. 
Richmond, Fredericksburg & Poto- 


mac. — Motion work equipped with ale- 
mite pressure system of grease lubrica- 
tion. Cylinders, piston valves and air 
pumps lubricated with mechanical force. 


Illinois Central. — Nothing special in 
this design but is typical of regular 
practice as to design, balance and lubri- 
cation. 


Philadelphia & Reading. Richard- 
son balanced « D » slide valve; hydrosta- 
tie cylinder lubricator. 
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Central of Georgia. — No unusual con- 
ditions of motion work or balance or 
lubrication. All of these locomotives 
are lubricated by hydrostatic lubrica- 
tors. 


Louisville & Nashville. — Blank. 


if possible. (Please give separately interesting 
details.) 


Baltimore & Ohio. — Sent sketches 
(not reproduced here) of normal super- 
heated Atlantic type locomotive (2 units) 
built in 1910, and normal 4-4 saturated 


Ulster & Delaware. 


cial. 


Pennsylvania. — Not used. 


Nothing spe- 


QUESTION 41. — Drawing of general ar- 
rangement, including section views of the 
engine boiler and accessories on a scale 1/20 


Class G-1s G-2, G-3. 
Power plant . Single Single. 
Engine horsepower 65 190 
Revolutions per minute 
‘at horsepower rating. 1 300 1 300 
Number of cylinders . 4. 6 
Cylinder size ~ . of 4 38/47XK 6 6" XT" 
Valves per cylinders . 2 4 
General kw. capacity — — 
Truck motor horsepower — — 
Control end . oe ip ingle, Single. 
Kind : .| Mechanical. | Mechanical. 
Transmission. 
Location . . Body. Truck. 
Kind of drive .| Chain. Gear. 
Lubrication .| Force feed.| Pressure. 
Gear pump. | Gear pump. 
Water cooling Rotary Centrifugal 
pump. pump. 


locomotive (7 units) built in 1893, 
Chesapeake & Ohio. — Blank. 
Richmond, Fredericksburg & Poto- 


mac. 


Illinois Central. — 


Baltimore & Ohio: 


GE-1. GE-2, GE-3, GE-6. GE-7. 
GE-5. 

Single. Single. Single. Double. 
250 250 250 300 
1100 1 100 1100 1100 

6 6 5 6 

7 1/4" X8" | 7 1/4" X%8" 1 71/4" x8) 7 1/2" Kor 
4 4 4 4 
160 160 160 210 
140 250 250 250 

Singlé. Single. Double. Double. 

Electro- Electro- Electro- Electro- 

pneumatic. | pneumatic. pneumatic. pneumatic. 

Body. Body. Body. Body. 

Electric. Electric. Electric. Hlectric. 
Pressure. Pressure. Pressure. Pressure. 
Gear pump. | Gear pump. | Gear pump. | Gear pump. 
Centrifugal | Centrifugal | Centrifugal | Centrifugal 
pump. pump. pump. pump. 


Philadelphia & Reading.— Sent sketches 
of three 8-wheeled, saturated steam loco- 
motives not reproduced here. 


Central of Georgia. — Sent 19 sketches 
(not reproduced here) of 8-wheeled, 
saturated steam locomotives built mostly 
between 1882 and 1892. No special feat- 
ures. 


Louisville & Nashville, — Blank. 
Ulster & Delaware. — Blank. 


Pennsylvania. —- Not used. 


QUESTION 42. — Please describe system, 
mentioning characteristics of motor and acces- 
series, power, number of revolutions balan- 
cing, number of cylinders, etc., details of trans- 
mission (mechanical, electric, etc.). 


Answers. 


Chesapeake & Ohio. —- No motors. 


Richmond, Fredericksburg & Poto- 
mac, — Gasoline-electric motor car is 
equipped with two Hall-Scott gasoline 
engines. These engines are of the four- 
cycle type and have six cylinders each, 


812 
XII—190 


7 1/2 inch diameter, 9-inch stroke. 
Each gasoline engine is rated at 300 
horsepower at 1100 revolutions per mi- 
nute. There are two intake and two 
exhaust valves per cylinder and each 
engine is equipped with four Zenith car- 
buretors and two Bosch magnetos. A 
Westinghouse type 181-ampere, 250-kw. 
generator is direct connected to each 
gasoline engine and there are four Wes- 
tinghouse type 559-D-2 traction motors, 
“one connected to each truck axle, three 
helical gear and pinion. The motors are 
rated at 295 amperes at 450 volts hourly, 
240 amperes, 450 volts continuous. The 
motor unit develops a tractive effort of 
approximately 23000 pounds. Torque 
governor control is employed and the 
car is equipped with two 32-volt air 
compressors at 25 cubic feet capacity 
per minute each. 


Illinois Central. — Cars Nos. 113 to 116 
— 4 units, 8-cylinder gasoline engine, 
V type with air starter and electric trans- 
mission, 175 horsepower at 550 r. p. m. 
Generator 8 pole, shunt wound, 80 kw., 
600 volts, 550 r. p. m., motor horsepower 
100; 600 volts, 550 r. p. m. General 
Electric Co. 205 «D» gasoline driven air 
compressors. Motor rated on 75e C, rise 
allowed. Drum type controller. 

Cars 117 to 120 — 4 units, 6-cylinder 
gasoline engine with electric starter, 190 
horsepower at 1300 r. p. m. and a car 
speed of 40 miles per hour with engine 
at 1000 r. p. m. Car operates at 1000 
r. p. m. normally 5 speeds forward, 
1 back — gears in a gear casing —- igni- 
tion, 2 independent high tension magne- 
tos each firing a separate set of spark 
plugs. Generator for light, etc., geared 
1-1/2 to 1 with engine, 600 watts, voltage 
regulation, mechanical driven air com- 
pressor, Westinghouse type DH-16. Re- 
verse by clutch on driving axle, 


Philadelphia & Reading. — See exhi- 
bits 17 to 23. 


Central of Georgia. — Internal com- 


bustion motor, High compression, gaso- 
line motor, 6 cylinders, 100 horsepower 
at 1800 r. p. m. Mechanical transmis- 


sion. 


Louisville & Nashville. — Blank. 
Ulster & Delaware. — No motors. 


Pennsylvania. — All four-cycle gaso- 
line engines for both four and six-cylin- 
der types. 


QUESTION 43. — Distribution of fuel, pos- 
sibility of isolating cylinders in case of acci- 
dent. 


Answers. 


Baltimore & Ohio. — Plain tube type 
carburetors. 

Cars Class G-2, G-3, GE-1, GE-2, GE-3, 
GE-5 and GE-6 in case of one cylinder is 
defective, disconnect wires leading to 
both sparkplugs, remove both intake and 
exhaust push rods, also wire or block 
defective valve and come in on five cy- 
linders. For class GE-7 the above will 
apply, also one engine can be cut out 
and operated at low speed. 


Chesapeake & Ohio. — No motors. 


Richmond, Fredericksburg & Poto- 
mac, — Distribution of fuel is effected 
through the use of dual vacuum feed sys- 
tems and four carburetors per engine. 


Illinois Central. — To each cylinder 
by manifold; cylinder cannot be isolated 
in case of accident. 


Philadelphia & Reading. — Carbure- 
tor and intake manifold. No isolation 
in case of accident. 


Central of Georgia. — With internal 
combustion engines the usual conditions 
would exist with one or more cylinders: 
not functioning. With steam lJocomoti- 
ves it is often possible to operate with 
one cylinder functioning. 


Louisville & Nashville. — Blank. 
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Ulster & Delaware. — Blank. 


Pennsylvania. — Carburetor engines. 


QUESTION 44. — Overload possible, for how 
long? ° 


Answers. 


Baltimore & Ohio. — Overload possi- 
ble on Class GE-1, GE-2, GE-3, GE-5 and 
GE-6, 1150 r. p. m. maximum without 
load. Can be run continuously. 

GE-7, 1200 r. p. m. maximum with 
load. May be run continuously. 


Chesapeake & Ohio. — No motors. 


Richmond, Fredericksburg & Poto- 
mac. — No records on gas-electric cars 
as to overload time, 


Philadelphia & Reading. Maximum 
speed of gasoline engines governed by 
mechanical governor. Output of gene- 
rators governed by speed of gas engines. 
Instantaneous overload allowed only in 
starting. Some engines equipped with 
torque governor and face plate rheostat 
control which loads and unloads gas 
engines automatically by cutting resis- 
tance in and out of the main governor 
field. 


Central of Georgia. — No electric mo- 
tors in service. 


Louisville & Nashville. — Blank. 
Ulster & Delaware. — Blank. . 


Pennsylvania. — We have no esta- 
blished nominal rating. 


QUESTION 45. — Please attach designs of 
whole, with sections, if possible on scale 1/10. 


Answers. 


Baltimore & Ohio. — See exhibits 2 
to 10. 


Chesapeake & Ohio. — No motors. 


Richmond, Fredericksburg & Poto- 
mac, — See exhibits 13 to 16. 


Illinois Central. 


Philadelphia & Reading. — See exhi- 
bits 17 to 23, 


Central of Georgia. — Have no draw- 
ings of the internal combustion engine. 
See answer 41 for steam locomotives. 


Louisville & Nashville. — Blank. 
Ulster & Delaware. — Blank. 


Pennsylvania. — Have no drawings. 


QUESTION 46. — Kindly give sufficient 
complete data regarding the working while 
running and while standing or starting and 
kind of fuel; also give interesting details. 


Answers. 


Baltimore «& Ohio. — Gasoline used 
for all cars. See answer to Question 23. 

To start the engine throw the magneto 
switch to position marked « both » indi- 
cating both magnetos firing. Open the 
throttle lever slightly. If engine is cold, 
it may be necessary to close choke on 
carburetor for one revolution. Apply 
spark lever to full retard position when 
engine will start. After which release 
the spark lever. The proper working 
speed of the engine is approximately 
600 revolutions per minute. The mecha- 
nical power developed by the engine is 
converted into electrical energy by the 
generator which in turn is transmitted 
through the control apparatus to the elec- 
tric-driyen motors mounted on the drive 
truck. 


Chesapeake & Ohio. — No motors. 


Richmond, Fredericksburg & Potomac. 
— The gasoline electric motor car is 
started by means of a special series of 
windings in the main generator which is 
used as motor when receiving electric 
current from the storage batteries. After 
the engines are started the movement 
of the car is controlled by means of elec- 
tro-pneumatically operated switches re- 
mote controlled with operating levers in 
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a master controller located convenient to 
operator’s seat in engine cab. The mo- 
tors are connected in series ‘for starting 
and are changed over to parallel for 
speeds above 20 miles per hour. The 
engine speed is controlled by means of a 
throttle located in the master controller. 
Engine cooling if effected by means ot 
roof type radiation air-cooled by forced 
draft. Gasoline is used for starting and 
running. The gasoline supply being car- 
ried in two 250-gallon tanks which are 
secured to the underframe of car. The 
car is arranged for running backward 
as well as forward and is equipped with 
continuous automatic train stop and 
speed control. The gasoline engines are 
protected with an arrangement whereby 
the ignition is grounded automatically 
whenever an automatic brake applica- 
tion is initiated. 


Illinois Central. — While standing the 
engines are allowed to idle as at station 
stops; on both types, gas-electric and 
direct drive. The direct drive is started 
on low speed, clutch is thrown out and 
gears engaged for speeds 2, 3, 4 and 5, 
as the car speed increases similar to an 
automobile; car can be operated either 
speeds 3, 4 or.5 depending on require- 
ments of service. Gas-electric is oper- 
ated by controller. 


Philadelphia & Reading. — Starting 
motors with Bendix drive; also special 
starting winding on generator which 
causes generator to turn over as motor to 
start engine; current obtained from bat- 
tery for starting. Gasoline is used as 
fuel. Air compressor operation and bat- 
tery charging at idling speed and other 
engine speeds. 


Central of Georgia. — Motor car engine 
runs continuously while making stops of 
short duration. If making long stops, 
motor is shut off. Starting is by push 
button which controls electric-starting 
motor. 

Gasoline fuel is used. No unusual de- 


tails. Steam locomotive uses bituminous 
coal as fuel and this fuel is used both 
when running and standing. When stops 
of long duration are made, it is necessary 
to keep fire in good condition. 


Louisville and Nashville. — Blank. 
Ulster & Delaware. — Blank. 
Pennsylvania. — All are provided with 
electric starters for the gasoline engines. 
QUESTION 47. — c) Weight. 
a) Empty? 


Baltimore & Ohio. — 
Nos. 2 to 10. 


Chesapeake & Ohio. — No motors. 


See exhibits 


Richmond, Fredericksburg & Potomac. 


Front truck . 87 260 Ib. 
Back truck 59 140 Ib. 
146 400 Ib. 

Illinois Central. — No record. 


Philadelphia & Reading. — Not avail- 
able. 


Central of Georgia. — See exhibit 24. 
Louisville & Nashville. — Blank. 


Ulster & Delaware. 
20 class, saturated : 


Engine light 130 400 Ib. 
Tender — 40 300 Ib. 
20 class, superheated : 
Engine light 135 000 Ib. 
Tender — 40 300 Ib. 
30 class, superheated : 
Engine light 160 400 Ib. 
Tender — 49 400 Ib. 
Pennsylvania. — See Question No. 11. 
QUESTION 48. — b) With all accessories, 
etc. j 
Answers. 
Baltimore & Ohio. 
G-1 18 150 tb. 
GE-1 93 200 Ib. 
GE-5 100 900 th. 
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Chesapeake & Ohio. — No motors. 


Richmond, Fredericksburg & Potomac. 
— Blank. 3 


Illinois Central. 
Nos. 117 to 119 . 62 180 Ib. 
No. 120. 62 020 Ib. 


Philadelphia & Reading. — See exhi- 
bits 17 to 23. 


Central of Georgia. — See answer to 
Question 47. 


Louisville & Nashville. — Blank. 


Ulster & Delaware. 
20-class saturated : 


Engine and tender . 241 300 Ih. 
20-class. superheated : 

Engine and tender . 245 900 Ib. 
30-class superheated : 

Engine and tender . 320 800 Ib. 


Pennsylvania. — Blank. 

QUESTION 49, — c) Of rail motors with all 
accessories and maximum load of passengers 
and baggage? 

Answers. 


Baltimore & Ohio. 


G-1s 25 000 Ib. 
GE-1 105 600 Ib. 
GE-5 120 200 Ib. 
G-2 67 000 Ib. 
’ GE-2 106 400 Ib. 
GE-6 111 500 Ib. 
G-3 84 000 Ib. 
GE-3 107 200 Ib. 
GE-7 177 100 Ib. 


Chesapeake & Ohio. — No motors. 


Richmond, Fredericksburg & Potomac. 
— Blank. 


Illinois Central. 
Nos. 117 to 119. 
i 0), oY 
Nos. 113 to 116. 


77 010 Ib. 
72 220 Ib. 
123 000 Ib. 


Philadelphia & Reading. 
bits 17 to 23. 

Central of Georgia. — Car in running 
condition weighs 32 000 lb. 

We have no weight with passengers 
and baggage. This car has capacity of 
29 passengers, seated. 

Louisville & Nashville. — Blank. 


Ulster & Delaware. — Blank. 


See exhi- 


Pennsylvania. — Has never been deter- 
mined. 
QUESTION 50. — If you have rail motors 


with motor truck detachable from the chasis 
of the coach, details of how the machine is 
attached to the coach? 


Answers. 
Baltimore & Ohio. — None. 
Chesapeake & Ohio. — None. 


Richmond, Fredericksburg & Potoma:. 
-~- Trucks are attached to the car by 
means of center plates and pin. 


Illinois Central. — None. 


Philadelphia & Reading. — None. 


Central of Georgia. — None. 
Louisville & Nashville. — Blank. 
Ulster & Delaware. — Blank. 


Pennsylvania. — None. 


QUESTION 51, —- d) Brake system. State 
wheels to which brakes are applied? 


Answers. 


Baltimore & Ohio. -— G-1 s, straight air 
brakes with emergency feature. 

G-2, G-3, GE-1, GE-3, GE-5, GE-6, GE-7, 
automatic air brakes with straight air 
feature. 


Chesapeake & Ohio. — None. 


Richmond, Fredericksburg & Potomac. 
— Brakes are applied to all wheels of 
motor car. 
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Illinois Central. — To all wheels. 


Philadelphia & Reading. — All wheels 
braked. 


Central of Georgia. —- Locomotives 
have brakes on all driving wheels and 
all tender wheels operated by air. 

Rail car has brakes on all wheels oper- 
ated by air. 


Louisville & Nashville. — All wheels. 


Ulster & Delaware. Air brakes io 
driving wheels on engine and all wheels 
on tenders. 


Pennsyivania. — Air brake on all 
wheels. 


QUESTION 52. — e) System of acoustic 
signals, whistle, hooter, siren, etc.? 


Answers. 


Baltimore & Ohio. — G-1 s, air whistle. 
G-2, G-3, GE-1, GE-2, GE-3, GE-5, GE-6, 
GE-7, air horn. 


Chesapeake & Ohio. — No motors. 


Richmond, Fredericksburg & Potemac. 
— Westinghouse pneumatic horn. - 


fllinois Central. —_ Horn and whistle. 


Philadelphia & Reading. — Pneumatic 
horns, swinging bell or klaxon, air 
whistle and bell. 


Central of Georgia. — All locomotives 
are equipped with Railroad Company’s 
standard steam whistle. Rail car is 
equipped with Strombos horn, air oper- 
ated. ; 


Louisville & Nashville. — Strombos air 
operated horn. 


Ulster & Delaware. — Steam whistles. 


Pennsylvania. — Air operated dia- 
phragm type horn. 


QUESTION 53. — f) Sanders. 
Answers. 


Baltimore & Ohio. — Class G-1s, G-2, 
G-3, mechanical air type. 
Class GE-1, GE-2, GE-3, GE-5, GE-§, 
GE-7, electric-pneumatic type. 


Chesapeake & Ohio. — No motors. 


Richmond, Fredericksburg & Potomac. 
Sanders are operated electro-pneumatic- 
ally. 


Illinois Central. — Pneumatic with 
pipe to front and back wheels of motor 
truck only. 


Philadelphia & Reading. —- Mechanical 
and air operated on motor truck. 


Central of Georgia. All locomotives 
are equipped with air operated sanders. 
Pipes carry sand to front and rear of 
driving wheels. Rail car is equipped 
with sand boxes operated by lever under 
control of car operator. Sand is applied 
to all motor driven wheels. 


Louisville & Nashville. — Air. 


Ulster & Delaware. — Air and hand. 
Pennsylvania. — Air operated sander. 
QUESTION 54. — g) Draw gear and buf- 


fing apparatus. If they are of a special type, 
please describe. 


Answers, 
Baltimore & Ohio. — Standard spring 
type. 
Chesapeake & Ohio. — No motors. 


Richmond, Fredericksburg & Potomac. 
— Spring type. 

Illinois Central. — Not of a special 
type. 

Philadelphia & Reading, — Swing au- 
tomatic coupler. Helical spring draft 
gear. Helical spring buffer. 
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Central of Georgia. — All locomotives 
have standard A.R.A. couplers front and 
rear. Spring draft gear on rear of ten- 
ders only. 

No special buffers. 

Rail car has plain drawbar with pull 
socket at each end of car. 


Louisville & Nashville. — Light weight 
couplers A.R.A. contour. Janney draft 
gear A.R.A. Class G spring. 


Ulster & Delaware. — Automatic, with 
A.R.A, standard head, swivel type each. 


Pennsylvania. — Automatic couplers 
with knuckle operated by lever (light 
design). 


QUESTION 55. — h) Heating system (for 
rail motors). 


Answers. 


Baltimore & Ohio. — G-1s, hot air. 
G-2, G-3, GE-1, GE-2, GE-3, GE-5, GE-f, 
GE-7, hot water. 


Chesapeake & Ohio. — No motors. 


Richmond, Fredericksburg & Potomac. 
Peter Smith hot water heater and Vapor 
Car Heating Company’s fin type steel 
radiation. 


Illinois Central. —- Hot water heaters 
in both types. 


Philadelphia & Reading. — Hot air on 
two gas-mechanical motor cars. Hot 
water on six gas-electric motor cars. 


Central of Georgia. — Rail car is heat- 
ed with Peter Smith No. 2C hot water 
heater. 


Louisville & Nashville. — Peter Smith 
hot water heater. 


Ulster & Delaware. — No motor cars. 
Pennsylvania. — Hot water with coal 
as fuel. 


QUESTION 56. — i) Lighting. 
Answers. 


Baltimore & Ohio. — Electric, except 
rear markers, which are oil lamps, 


Chesapeake & Ohio. — No motors. 


Richmond, Fredericksburg & Potomac. 
—— 32-volt electric for all lights. 


Illinois Central. — Electric in both 
types, oil marker lamps, gasoline driven 
lighting unit on cars 113 and 116. 


Philadelphia & Reading. — Electric. 


Central of Georgia. — Locomotive 
headlights are electric, while the rear 
lights are oil. The rail car head and 
rear lights are electric. 


Louisville & Nashville. Electric. 
Ulster & Delaware. — Pyle National 


turbo-generator, 30-volt, 250-watt lamps, 

with silvered reflectors for headlights. 
10-watt lamps in cab as required by 

Interstate Commerce Commission rules. 


Pennsylvania. — Electric. 


Item 4. — What is the daily average num- 
ber of passenger trains, the number of cor- 
responding train-miles and the average fre- 
quency of these trains, (Number of passenger- 


miles. — Number of train-miles.) 
QUESTION 57. — a) On little frequented 
lines? 
Answers. 


Baltimore & Ohio. 
Numbenjof-trains® 2 <0 02. < 26 
Number of train-miles 


Chesapeake & Ohio. 
Passenger trains... . 3°. 2 
Train-miles . ‘Segte, th 264.8 

One round trip daily except Sunday. 


Richmond, Fredericksburg & Potomac. 
— Blank. 
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Illinois Central. 


Daily average passenger trains . 20.2 
Daily average ee train- ; 

miles Sg lb 622.5 
Daily average fr paueney, of trains 1.2 


Philadelphia & Reading. — Unable to 
furnish information. 


Central of Georgia. 
Daily average passenger trains . 30 
Daily average train-miles . 1 043.1 


Louisville & Nashville. — Blank. 


Ulster & Delaware. — Blank. 


Pennsylvania. 
Daily average passenger trains . 131 
a train miles per 
day(s  teeisole 
Average miles per dispatchment 25.8 


Mileage per trip varies from 0.9 to 173.6. 


miles. 


QUESTION 58. — b) On the more impor- 
tant lines. 


Answers. 


Baltimore & Ohio. 


Number of trains” “.". "= = 44 
Number of train-miles . 2 500 


Chesapeake & Ohio. 
Passenger trains : 

Train-miles . . cite 84.6 
Two round trips daily except Sunday. 


Richmond, Fredericksburg & Potomac. 
Local passenger trains per day . 6 
Train-miles perday. . . .~. , 454 
PrequenGyas0) aca ee me 65” 


Illinois Central. 
Daily average number of pass- 

enger trains! 2 : 13.4 
Daily average number of pass- 

enger train-miles . : 
Daily average frequency. . . 1.7 


Philadelphia & Reading. — Unable to 
furnish. 


Central of Georgia. 
Daily number of passenger trains 34 


Daily number of train-miles . 3259.9 
Average frequency varies from 

6 to 12 hours. 
Number of passenger-miles . . 39 260 


Louisville & Nashville. — Blank. 


Ulster & Delaware. 


4895 906 passenger-miles. — 229 788 
train-miles. 


Pennsylvania. — Blank. 
QUESTION 59. — e) Altogether. 
Answers. 


Baltimore & Ohio. 


Number of trams*.).- 1). tae 70 
Number of train-miles 3 569 
Number of passenger-miles. . 22 725 


Number of train-miles 
equals 6.38. 
Chesapeake & Ohio. 


Passenger trains?) 5.9 .2(4"*s 6 
Train-miles 634.0 
Three round trips daily except Sunday. 


Richmond, Fredericksburg & Potomac. 


Local passenger trains . . . 6 
Train-miles per day .. . ; 454 
Average frequency. . .. . 65” 


Illinois Central. 


Daily number of passenger 

EL ADS (eee i 17 
Daily daseunwati ieeintmilct 1 492.2 
Daily average frequency . . 1.6 


Philadelphia & Reading. — Blank. 


Central of Georgia. : 
Daily passenger-trains . . . 64 


Daily train-miles 4 283 
Average frequency varies from 

3 to 12 hours. ; 
Number of passenger-miles. . 44 736 
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Louisville & Nashville. 


Number of train-miles 200 


Ulster & Delaware. — (4'895 906 passen- 
ger-miles. — 229 788 train-miles. 


Pennsylvania. — Same as Question 
No. 57. 


QUESTION 60. — Please indicate the total 
length of line specified under a, b and c. 
Answers. 


Baltimore & Ohio. 
a) 379 miles. 
b) 869 miles. 
c) 1248 miles. 


Chesapeake & Ohio. — 105 miles. 
Iilinois Central. — 287.36 miles. 


Philadelphia & Reading. — Blank. 
Central of Georgia. 


a) 255.2. 
b) 856.8. 
©) 1112.0. 


Louisville & Nashville. — Blank. 
Ulster & Delaware. — 128.88. 


Pennsylvania. — Runs controlled by 
business requirements and may be a 
branch or portion of a division or of a 
branch. 


QUESTION 61. — What is the average dai- 
ly number of passenger trains hauled by the 
motors mentioned in your reply to question 

i and the number of corresponding train-miles 
and the average frequency of these trains. 
Please give information for each class of mo- 
tor. What do you consider to be the mini- 
mum seating capacity necessary for trains on 
your minor lines? 4 


Answers. 


Baltimore & Ohio. 
Beuwermere rs eo e PS 70 
‘Train-miles me 3 569 
Seating capacity varies entirely with 
the local requirements. 
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Chesapeake & Ohio. — No motors cars. 


Richmond, Fredericksburg & Potomac. 
— Two trains per day. 
118 train-miles per day. 
75 minimum. 
120 seating capacity. 


Illinois Central. 
Daily average passenger trains 
Hawledaes wees ee 12 
Daily average passenger motor 


train-miles . es ar 879 
Philadelphia & Reading. 

Average number of daily trains 71 

Train-miles RO oe an 663.7 

Average frequency (minutes) . 45 
Central of Georgia. 

Average hauled by motor. . . 6 

Average number of train-miles . 94.7 

Minimum seating capacity . . 25 
Running trips from 3 to 6 hours apart. 
Louisville & Nashville. — None. 
Ulster & Delaware. — None. 
Pennsylvania. 


Average number of daily passen- 


ger trains Peedi le 131 
Corresponding train mileage 
per day 3 379 


Seating capacity depends on local con- 


ditions and is, therefore, variable. 


Total space is divided for passengers. 
baggage and mail, according to the local 
demand. 


QUESTION 62. — What is the average 
daily number of passenger trains (from a 
point of view of frequency only) which could 
be hauled by economical motors of the classes 
mentioned in reply to your question N° 1 and 
the number of corresponding train-miles? 


Answers. 


Baltimore & Ohio. — Studies are being 
made to determine this fact. Entirely 
dependent upon development in motor 
car practice. 
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Chesapeake & Ohio. — 6 passenger 
trains. : ‘ 
316 total train-miles. 


Richmond, Fredericksburg & Potomac. 
— All local passenger trains on our line 
could be handled by gasoline electric 


motor cars. (See answer to Question 
No. 4.) 
Illinois Central. — 12 trains. 


Philadelphia & Reading. — See answer 
to Question 63. 


Central of Georgia. —— 24 trains. 
948.4 miles. 


Louisville & Nashville. —- Blank. 
Ulster & Delaware. — None. 


Pennsylvania. — Economy of each 
operation is developed as business con- 
ditions change. 


QUESTION 63. — Please say why these 
trains are not hauled by economical motors? 


Answers. 


Baltimore & Ohio. — Will be so hauled 
as motors are proved acceptable on 
various runs and justification secured. 


Chesapeake & Ohio. — With the in- 
crease of outside motor bus lines, the 
revenue from passengers hauled by these 
trains has gradually decreased and the 
use of gas-electric or oil-electric motors 
is now under consideration. 


Richmond, Fredericksburg & Potomac. 
— We have suitable light steam locomo- 
tives which cannot be used for other 
service. These will probably be replac- 
ed by motors as economical conditions 
warrant. ’ 


Illinois Central. — Where light obsolete 
power unsuitable for main line service 
is available it is not economical to re- 
place it with motors until it has been 
worn out. 


Philadelphia & Reading. — All covered 
or will be taken care of in very near 
future. 


Central of Georgia. — Low cost of coal 
and high cost of gasoline and gas-electric 
equipment are the principal reasons, — 


Louisville & Nashville. — Blank. 


Ulster & Delaware. — To date have 
found no motor that is practical to 
operate on our steep grades. 


Pennsylvania. — See Question No. 62. 


QUESTION 64. -— Please say the most dif- 
ficult services performed daily by the motors 
of various types enumerated in your reply to 
question N° 1. 


Answers. 


Baltimore & Ohio. — No real answer 
can be made. Motor cars capable of 
performing service desired are placed on 
runs so handled. Probably most exact- 
ing is a three-car operation (with mo- 
tor) between Baltimore and Washington. 


Chesapeake & Ohio. — No motor cars. 


Richmond, Fredericksburg & Potomac. 
— Only two local passenger trains are 
operated by gasoline electric motor cars 
at present. Probably additional motors 
will be purchased during the coming 
year if conditions warrant. 


Illinois Central. — Run between Free- 
port, Ill., to Dubuque, Iowa, on main line. 


Philadelphia & Reading. — Run « D » 
consisting of three round trips between 
Trenton Junction and Bound Brook, — 
54.4 miles each, and 2 1/2 round trips. 
between Trenton and Trenton Junction, 
4.7 miles each, a total of 181.7 miles. 


Central of Georgia. — Hauling train 
by steam locomotive over 17.5 mile-line 
with maximum grade of 2.76 %, 1 mile 
long and 2.45 %, 2 miles long, with from 
8° to 10° curves. 
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Leuisville & Nashville. — Blank. 


Ulster & Delaware. — None. 

New York Central. — The most diffi- 
cult rail car runs, with reference to 
speed, number of stops, schedule and 
profile are represented by trains 76 
and 69 of the St. Lawrence Division, 
New York Central Railroad. 

Pennsylvania. — Continuous run of 
173.6 miles. : 


QUESTION 65. — Runs: Miles each run. 


Answers. 


Baltimore & Ohio. — The Baltimore- 
Washington run is 38.6 miles. Difficulty 
in speed required and fact that both 
high-speed express service and slow- 
speed local service must be given by 
same equipment. 


Chesapeake & Ohio: — No motor cars. 


Richmond, Fredericksburg & Potomac. 
— 59.4 miles. 


Philadelphia & Reading. — A. 123.6 
miles; B. 81.4 miles; C. 107.5 miles; 
D. 181.7 miles. 


Central of Georgia. — 7 runs: 16.5, 
17.4, 17.7, 19.6, 38.8, 59.9, 85.3 miles 
respectively. 


Louisville & Nashville. — Blank. 
Ulster & Delaware. — Blank. 


Pennsylvania. — 173.6 miles. 


QUESTION 66. — Profile. Distance bet- 
ween stations, grades and their lengths, mi- 
nimum radius of curves? 


Answers. 


Baltimore & Ohio. — See exhibits 25 
to 34, also notes in synopsis. 


Chesapeake & Ohio. — No motor cars. 


Richmond, Fredericksburg & Potomac. 
— Average distance between stations 
about 2 miles. 


Maximum grade, 0.8 %, six miles long. 
Minimum curvature, 2°. 


Illinois Central, — 
Philadelphia & Reading. — 
Central of Georgia. — 


Louisville & Nashville. — Minimum 
4.9 miles to maximum 36.4 miles. 
2.75 % grades. 


Ulster & Delaware. — 


Pennsylvania. — Average distance be- 
tween stations 5.4 miles. 


Grades southbound : 
1 grade varying 0.9 to 1/44 %, 34 miles. 
1 grade varying 0.9 to 1.46 %, 1% miles. 


Grades northbound : 
1 grade varying 1.17 %, 3/4 mile. 
1 grade varying 1.45 %, 1 mile. 
Minimum radius of curves 9°0’ equals 
637 feet radius; 11°24’ equals 500 feet 
radius: : 


QUESTION 67. — Relation between straight 
track and curves, difference in altitude, time 
of trip, average speed, maximum speed and 
speed on grades? 


Answers. 


Baltimore & Ohio. — See exhibits 25 
to 34 and notes in synopsis. 


Chesapeake & Ohio. — Blank. 


Richmond, Fredericksburg & Potomac. 
— Difference in altitude, 153 feet. 

Time of trip, 2 hours 15 minutes south. 

Time of trip, 2 hours 10 minutes north. 

Average speed, 27.5 miles per hour. 

Maximum speed, 65 miles per hour. 

Speed on grades, about 20 to 25 miles 
per hour. 


Illinois Central. — 


Philadelphia & Reading..— Time of 
trip, Trenton to Trenton Junction, 
10 m. Trenton Junction, to Bound 
Brook, 55 m. Average speed on Trenton 
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Branch, 22.2 miles. New York Branch, 
29.67 miles per hour. Maximum speed, 
41 miles per hour. Speed on grade, 
25 miles per hour. 


Central of Georgia. — Difference in 
altitude varies from 12.4 feet in 18 miles, 
to 861 feet in 17.4 miles. Time or trips 
vary from 40 m. for 16.5 miles to 3 h. 
45 m. for 85.3 miles. 

Average speed, 20 miles per hour for 
mixed trains, 40 miles per hour for pas- 
senger train. Speed on grade will de- 
pend on tonnage, but will approximate 
the average speed. 


Louisville & Nashville. — Blank. 


Ulster & Delaware. — 65 % straight. 
35 % curves. 

Difference in altitude, 2 060 feet. 

Average speed, 35 miles per hour. 
Maximum speed, 50 miles per hour. -On 
heaviest grades, 15 and 20 miles per 
hour. 


Pennsylvania. — Straight track appro- 
ximately 92 %; curves 8 % of total miles. 

Terminals practically the same alti- 
tude. 

Time of trip, 6 hours for 173.6 miles 
equals average speed of 28.9 m. p. h. 

Average speed between stations while 
running 40.5 m. p. h. 


QUESTION 68. — Composition and weight 
of train? 


Answers. 


Baltimore & Ohio. — Berkeley Springs- 
Hancock ; one motor car. Washington- 
Baltimore : one motor car, 2 trailers. 

All others, one motor car, one trailer. 


Chesapeake & Ohio. — No motor cars. 


Richmond, Fredericksburg & Potomac. 
— Gasoline-electric train consists of one 
motor unit and one all-steel trailer unit. 

If conditions warrant, an additional 
trailer is added. 

Motor car weighs 146 400 lb. and the 


all-steel trailer weighs 82600 Ib. The 
additional trailer which is sometimes 
used is am old wooden coach whose 
weight is 68 000 Ib. 


Illinois Central. — All trains consist 
of motor car only except Grenada to 
Greenwood. 
total. 


Philadelphia & Reading. — Trailer 
46 000 Ib. 
Emergency trailer 66 800 Ib. 


Central of Georgia. — Trains consist 
of two and three cars and, on unusual 
occasions, four and five. The cars are 
mail, baggage, and express and combina- 
tion 1st- and 2nd-class coach. When 
extra cars are needed 1st-class coaches 
are generally required. 

Trains vary in weight from 150 000 Ib. 
for 2-car trains to 250000 Ib. for 3-car 
trains. 


Louisville & Nashville. — Blank. 
Ulster & Delaware. — Blank. 


Pennsylvania. 
Gasoline-electric car 73 feet 


long, 350 horsepower . 132 000 Ib. 
1 trailer 97 000 Ib. 
Total 229 000 Ib. 


QUESTION 69. — Is punctuality sufficient- 
ly good? 


Answers. 
Baltimore & Ohio. — Yes. 
Chesapeake & Ohio. — No motor cars. 


Richmond, Fredericksburg & Potomac. 
— Yes. 


Illinois Central. — Yes. 
Philadelphia & Reading. — Yes. 
Central of Georgia. — Yes. 
Louisville & Nashville. — Yes. 


One trailer, 183000 Ib. 


meet nate ge eet eat oo 


by — ee 


ad 


833 
A214 


Ulster & Delaware. — See Question 68. 
Yes. 


Pennsylvania. 


QUESTION 70. — Can you make up lost 
time? 


Answers. 


Baltimore & Ohio. — Yes. 
Chesapeake & Ohio. — No motor cars. 


Richmond, Fredericksburg & Potomac. 
— Yes. 


Illinois Central. — Yes, under favor- 
able weather conditions. 


Philadelphia & Reading. — Yes, under 
favorable weather conditions. 


Central of Georgia. — Yes, in a limited 
manner. 


Louisville & Nashville. — Yes. 
Ulster & Delaware. — As above No. 68. 


Pennsylvania. — Yes. 


QUESTION 7 L — Average number of units 
effectively utilized daily? 


Answers. 


Baltimore & Ohio. — Twenty-one mo- 
tor cars. 


Chesapeake & Ohio. — No moiors. 


Richmond, Fredericksburg & Potomac. 
— One. 


Illinois Central. — Eight units. 


Philadelphia & Reading. — Four mo- 
tor cars and one trailer. 


Central of Georgia. — Nine steam loco- 
motives. One gasoline rail car. 


Louisville & Nashville. — Two. 


Ulster & Delaware. — No motor cars 
used. 


Pennsylvania. — 95 % of total number. 


QUESTION 72. — Average number of units 
not used with general indications as to why 
not used? 


Answers. 
Baltimore & Ohio. — All used. 


Chesapeake & Ohio. — No motors. 
Richmond, Fredericksburg & Potomac. 
— None. 


Illinois Central. — All units in service, 
except when stopped, at which time they 
are replaced with small steam locomo- 
tives. 


Philadelphia & Reading. — None in 
reserve. 


Central of Georgia. — The units in 
answer to Question 71 are assigned to 
these particular lines and when shopping 
is necessary, other units are assigned in 
their place. . 

In some instances extra units are held 
for extra use or in case of emergency. 


Louisville & Nashville. — None. 
Ulster & Delaware. —-No motors used. 


Pennsylvania. — 5 % of units held for 
repairs. 


QUESTION 73. — Repairs and replacement. 


Answers. 


Baltimore & Ohio. — Steam trains used 
when motor cars are repaired. 


Chesapeake & Ohio, — No motor cars. 


Richmond, Fredericksburg & Potomac. 
— Motor car placed in service May 1928. 
Very few repairs or replacements to 
date. 


Illinois Central. — Repairs and repla- 
cement taken care of by small steam loco- 
motives. 


Philadelphia & Reading. — General 
overhaul of gas engines and electrical! 
equipment made every 80000 miles. No 
replacements. 
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Central of Georgia. — Repairs are 
made at regular schedule times, engine 
being shopped on conditions. Running 
repairs are made daily. Replacements 
are made when engines are shopped. 


Louisville & Nashville. — Blank. 
Ulster & Delaware. — No motor cars. 


Pennsylvania. — 5 % of annual time. 


QUESTION 74. — Do you count on exten- 
ding the use of the motor cars and by what 


type ? 
Answers. 


Baltimore & Ohio. — Yes. Gas-electric 
or Diesels when properly developed. 


Chesapeake & Ohio. — Considering 
the advisability of using either gas-elec- 
tric or oil-electric in lieu of steam loco- 
motives. 


Richmond, Fredericksburg & Potomac. 
— Will probably purchase dual engines, 
gasoline-electric motors. 


Illinois Central. — Have no general 
program as yet, but intend to replace 
steam on the Addison Branch from Chi- 
cago to Addison, Ill., a distance of 24.1 
miles. We intend to use the gasoline- 
electric type. 


Philadelphia & Reading. — Yes. 
electric and oil-electric. 


Gas- 


Central of Georgia. — We will no 
doubt have to go to more economical 
means of transportation on these lines 
and at the present time, the gas-electric 
rail car has the preference. 


Louisville & Nashville. — Unnecessary. 
Ulster & Delaware. — No. 


New York Central. — It is planned 
to install additional cars wherever stud- 
ies of local conditions indicate that it is 
economically practicable to do so. 


Pennsylvania. — Yes, when warranted 
and with electric transmission type. 


QUESTION 75. — Please indicate the par- 
ticular reasons, which influence you in this 
intention? 


Answers. 


Baltimore & Ohio. — Possible econo- 
mies which can be secured. 


Chesapeake & Ohio. — Economical 
transportation, reduce expenses, and 
release equipment which can be used to 
a better advantage and operated more 
economically in other services. 


Richmond, Fredericksburg & Potomac. 
— Can effect a saving of 25 % or more 
over the cost of steam operation depend- 
ing, of course, upon the number of 
train-miles per day. 


Illinois Central. — The horsepower of 
the engine in this unit will be about 
350 and this is too great for direct drive 
insofar as they have been developed in 
the United States. Also there is a 
greater range of speed with electric trans- 
mission and standard electric parts can 
be used from a manufacturer’s stock. 

The gasoline motor car is more eco- 
nomical than the steam operated train. 


Philadelphia & Reading. — Lower net 
cost of operation. 


Central of Georgia. — On account of 
reduction in passenger travel due to pri- 
vately owned automobiles and autobus 
lines, the steam trains are now operated 
at a loss. 


Louisville & Nashville. — Blank. 
Ulster & Delaware. — Blank. 


Pennsylvania. — It is the best desiga 
to date for handling trailing loads. 


QUESTION 76. — Is it undertaken by one 
man or two? 


Answers. 


Baltimore & Ohio. — One engineman, 
one conductor, and in most cases a bag- 
gageman or flagman. 
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Chesapeake & Ohio. — Blank. 


Richmond, Fredericksburg & Potomac. 
— By one motorman. No fireman or 
helper is required. 


Illinois Central. —- Handled by one 
man on each type. 


Philadelphia & Reading. — One man 
acting as motorman. 


Central of Georgia. — Trains handed 
by steam carry two men on the locomo- 
tive and three men for the train. 

Rail car carries two men, an operator 
and a conductor. 


Louisville & Nashville. — Engineman 
and conductor. 


Ulster & Delaware. — Blank. 


New York Central. — No one man 
crews are being used. Each crew con- 
sists of two and sometimes three men. 


Pennsylvania. — Not less than two 
men. 


QUESTION 77. — Is the number of men 
subordinate to certain conditions, intercom- 
munication between the driver’s cab and the 
coaches, or the existance of automatic safety 
appliances, or the existence of automatic feed- 
ing apparatus, or use of special fuel, or does 
the number of the crew vary over the diffe- 
tent sections of the line? 


Answers. 


Baltimore & Ohio. — The number of 
men in the crew is dependent on num- 
ber of cars in trains, amount of mail, 
baggage, parcel post and express handl- 
ed. 


Chesapeake & Ohio. — No motor cars. 


Richmond, Fredericksburg & Poto- 
mac. — There is intercommunication 
between the engine room and the ba- 
lance of the car. The car is also equip- 
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ped with automatic continuous train 
stop and speed control. If these features 
were absent, there would still be no rea- 
son or necessity for having an extra 
engineer or other supplementary help. 


Illinois Central. — The controls re- 
quire but one man for their manipula- 
tion, and there is intercommunication 
between driver’s cab and the body of 
the car. The number of the crew does 
not vary over the runs which are short 
as indicated in answer to question N° 60. 


Philadelphia & Reading. — Varies due 
to local physical condition, and require- 
ments of service, number of trailers in 
switching required, etc. Original cars 
did not have automatic safety applian- 
ces. New cars equipped with dead man 
control brake valve. 


Central of Georgia. — The number 
of men is governed by agreement be- 
tween the Railroad Company and each 
organization and does not vary or change 
over different sections of the line. 


Louisville & Nashville. — Blank. 
Ulster & Delaware. — Blank. 


Pennsylvania. — Necessary to have a 
driver and a conductor to look after pas- 
sengers, also a baggage man when ne- 
cessary. 


QUESTION 78. — In what capacity are 
additional crew, if any, employed (drivers or 
supplementary hands)? ~ 


Answers. 


Baltimore & Ohio. — Supplementary 
hands. 


Chesapeake & Ohio. — Blank. 


Richmond, Fredericksburg & Poto- 
mac. — No additional crew required in 
the driver’s cab. The motor car train 
employs in addition to the motorman, 
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one baggage-master, one conductor and 
one brakeman. 


Illinois Central. — None employed. 
(Standard crew consisting of motorman 
conductor and one trainman.) 


Philadelphia & Reading. — See ans- 
wer to question 77. 


Central of Georgia, — We have no 
trains or rail cars which are entirely in 
charge of one man. 


Louisville & Nashville. — Blank. 
Ulster & Delaware. — Blank. 


Pennsylvania. —- See question Ne 77. 


QUESTION 79. — Have you also trains on 
which the entire control of the train is con- 
fined to one man (engineer)? Also indicate 
the method of issue and collection of tickets. 


Answers. 


Baltimore & Ohio. — No. 
Chesapeake & Ohio. — No motor cars. 


Richmond, Fredericksburg & Poto- 
mac. — No. 


Illinois Central. — None. 
Philadelphia & Reading. — None. 


Central of Georgia. — We have no 
trains or rail cars which are entirely 
in charge of one man. 


Louisville & Nashville. — No. 
Ulster & Delaware. — No. 


Pennsylvania. — No. 


QUESTION 80. — If so, what are the con- 
ditions under which such service is atithorized? 


Answers. 


Baltimore & Ohio, — None. 
Chesapeake & Ohio. — Blank. 


Richmond, Fredericksburg & Poto- 
mac. — Blank. 


Illinois Central. —- Blank. 
Philadelphia & Reading. — None. 


Central of Georgia. -— See answer 79. 


Louisville & Nashville. — None. 
Ulster & Delaware. — None. 
Pennsylvania. — No. 


QUESTION 81. — What means of security 
are then taken a) In case of sudden failure of 
the engineer? 


Answers. 


Baltimore & Ohio. — Have no cases 
where one man comprises the entire 
crew. 


Chesapeake & Ohio. — Blank. 


Richmond, Fredericksburg & Poto- 
mac. —- Blank, 
Illinois Central. — None. 


Philadelphia & Reading. — On new 
cars equipped with dead man’s feature 
on brake valve, air brakes will automa- 
tically apply, and magnetos on gas en- 
gines will be grounded, stopping same. 


Central of Georgia. — In case of the 
sudden failure of the engineer, ordina- 
rily some member of the engine or train 
crew would handle the train to the 
nearest point where another engineer 
could be obtained. 


Louisville & Nashville. —- Conductor. 
Ulster & Delaware. —- No motor ears. 


Pennsylvania. — Dead man control 
feature. 


QUESTION 82. — b) In case the automatic 


brake does not work? : 


Answers. 


Baltimore & Ohio. — Use the hand 
brake, 
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Chesapeake & Ohio. — No motor cars. 


Richmond, Fredericksburg & Poto- 
mac. — Blank. 


Illinois Central. —- Blank. 


Philadelphia & Reading. — Hand bra- 
ke. 


Central of Georgia. —- When the au- 
tomatic brake fails to work it is neces- 
sary to use the hand brake, which is 
required to be kept in an efficient con- 
dition at all times. 


Louisville & Nashville. — Hand brake. 


Ulster & Delaware. — Same as 81. 


Pennsylvania. — Hand brake or with 
gasoline-electric cars by reversing the 
motor. 


QUESTION 83. —Is it permitted to couple 
to motor vehicles controlled by one man, 
other unattended cars? 


Answers. 


Baltimore & Ohio, — Have no one- 
man controlled cars. 


Chesapeake & Ohio. — No motor cars. 


Richmond, Fredericksburg & Poto- 
mac. — No. 


Illinois Central. — No. 
Philadelphia & Reading. — No. 


Central of Georgia. — We have no rail 
motor vehicles under control of one 
man. We do not haul trailers with high- 
way motor cars and buses. 


Louisville & Nashville. — No. 


Ulster & Delaware. — Same as answer 
to question 81. 


Pennsylvania. — No one-man cars 
used. 


QUESTION 84. — If so, how many and of 
what type are these towed cars? 


Answers. 


Baltimore & Ohio. — No such cars. 


Chesapeake & Ohio. — None. 


Richmond, Fredericksburg & Poto- 
mac, — No. 
Illinois Central, — None. 


Philadelphia & Reading. — Two spe- 
cial gas-electric motor car trailers, — 
Cars 81 and 82. 


Central of Georgia. — See answer to 
83. 

Louisville & Nashville. uv None. 

Ulster & Delaware. — Same as 81. 

Pennsylvania. — See question No 83. 


QUESTION 85. — Are the conditions of 
service of crew on trains on minor lines the 
same as for those on the main lines, parti- 
cularly as regards working hours, daily and 
weekly pay. In each case, over how many 
hours can the daily pay be spread and what 
should be the interval during which the crew 
would be unoccupied so that it can be deduc- 
ted from the pay? 


Answers. 


Baltimore & Ohio. — Standard train 
and engine-men’s rules and rates of pay 
apply. 


Chesapeuke & Ohio. — The conditions 
of service of crews on trains on minor 
lines are not the same as those on main 
lines. 


Minor lines. 


Daily pay is made on the basis of 
1 hours work within the spread of 10 
hours but if 8 hours or more is worked 
within the spread of 10 hours, inter- 
mediate overtime is allowed. Interval 
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of release to permit considering crew 
unoccupied must be one hour or more. 
Little used trains on more important 
lines. 
Daily pay is based on miles run and 
overtime applicable based on 20 miles 
per hour. 


Richmond, Fredericksburg & Poto- 
mac. — The conditions of service of 
crew on light local passenger trains are 
the same as others in regard to working 
hours and pay. Trainmen on_ short- 
turnaround passenger runs, no single 
leg or trip of which exceeds 80 miles, 
including suburban and branch line ser- 
vice, shall be paid overtime for all time 
actually on duty or held for duty in 
excess of 8 hours (computed on each 
run from time required to report for 
duty to end of that run), within 10 con- 
secutive hours and also for all time in 
excess of 10 consecutive hours comput- 
ed continuously from the first time re- 
quired to report to final release at the 
end of the last run, Time shall be 
counted as continuous service in all ca- 
ses where the interval of release from 
duty at any point does not exceed one 
hour. This rule applies regardless of 
mileage made. 


illinois Central. -- The conditions of 
employment, rates of pay and rules co- 
vering working conditions are the same 
on branch or minor lines as in main 
line service. The train and enginemen 
are paid a rate per mile with a guaran- 
tee of 100 miles per day’s work, except 
in passenger service for conductors and 
trainmen where the guarantee is 150 
miles per day’s work. The overtime ba- 
sis in passenger service is the same in 
both main and branch line service, but 
‘here are two bases of pay, one is a 
straight away road and one that is com- 
monly known as short turnaround pas- 
senger service. In the first instance, 
overlime is computed on a speed basis 
of 20 miles, and all times in excess of 


the mileage allowance divided by 20 is 
considered extra pay. Others more com- 
monly known in railroad parlance as 
the 8 within 10-hour short turnaround 
passenger overtime rule. Under the 8 
within 10-hour short turnaround pas- 
senger overtime rule, where the leg of 
any trip is 80 miles or less, certain de- 
ductions may be made for all off-duty 
periods of more than one hour at any 
one point and such time as crews are 
on duty in excess of 8 hours within the 
first spread of day work from the time 
required to report for duty until re- 
leased at the end of last run is in ex- 
cess of 10 hours; such excess is also 
considered and paid as overtime. 


Philadelphia & Reading. —— Condi- 
tions of service for minor lines same as 
on main lines. Hours of service law 
apply to employees. Crews must be re- 
lieved more than one hour on first 10 
hours of service to avoid punitive over- 
time between 8 and 10 hours. No re- 
duction is made in the hours in total 
spread of service regardless of relief 
period. 


Central of Georgia. — Branch lines. 
~~ In branch line service where diffe- 
rentials existed in either rates, overti- 
me basis or other conditions of service, 
the main line rate shall be applied for 
the service performed. Miles in excess 
of the mileage constituting a day will 
be paid pro-rata. If existing rates are 
higher than the revised main line rates 
they shall be preserved, but the excess 
in the rate over the main line rate may 
be applied against overtime. The pas- 
senger or freight overtime basis shall be 
applied according to the rate paid; other 
existing conditions of service shall not 
be affected by the foregoing. 

Conductors and trainmen on short 
turnaround passenger runs; no_ single 
trip of which exceeds 80 miles includ- 
ing suburban and branch line service, 
shall be paid overtime for all time ac- 
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tually on duty, or held for duty in ex- 
eess of 8 hours (computed on each run 
from time required to report for duty 
at the end of that run), within 10 con- 
secutive hours, and also for all time 
in excess of 10 consecutive hours com- 
puted continuously from the time first 
required to report for the final release 
at the end of the last run. Time shall 
be accounted as continuous service in 
all cases where the interval of release 
from duty at any point does not exceed 
one hour, This rule applies regardless 
of mileage made. 


Louisville & Nashville. — Blank. 


Ulster & Delaware. — Yes. Paid over- 
time after 8 hours, actual service, or a 
total spread of 10 hours. Can deduct 
for not less than 1 hour when crew is 
unoccupied. 


Pennsylvania. —- Basis of pay is for 
the trip or combination of trips and de- 
pends on the length of run or time re- 
quired, with an established minimum. 

No individual is permitted to work 
in excess of sixteen hours; if he has 
worked the full sixteen hours, he must 
be permitted to rest eight hours. 


QUESTION 86. — Composition of train 
hauled by motors in question? 


Answers. 


Baltimore & Ohio. — Most motor 
trains on Baltimore & Ohio, comprise 
one motor car and one trailer. 


Chesapeake & Ohio. —- No motors. 


Richmond, Fredericksburg & Poto- 
mac. — Trains hauled by gasoline-elec- 
tric motor car usually consist of one 
motor unit and one trailer. When occa- 
sion demands, an additional trailer is 
added. 

Illinois Central. — Regular service 
does not contemplate handling additio- 
nal cars. 


Philadeiphia & Reading, — Majority 
of trains consist of motor only. On two 
round trips a trailer is added. 


Central of Georgia. —- Composition of 
train hauled by steam locomotive varies 
to suit conditions. These trains are 
composed of baggage and mail, second 
and first class passenger cars. 

Rail motor car hauls no additional 
cars. 


Louisville & Nashville. — Blank. 
Ulster & Delaware.-—- No motors. 


Pennsylvania. — On motor car carry- 
ing passengers and baggage, and with 
the above, one trailer for passenger, mail 
or express is permitted if business de- 

mands it, and provided the power unit 
is of sufficient capacity. 


QUESTION 87. — Number of coaches, 


weight. 
Answers. 
Baltimore & Ohio. — See exhibits 2 
to 10. 


Chesapeake & Ohio. 
Number of coaches: One 


weighing 99 200 Ib. 
Number of coaches : One 
weighing 120 000 Ib. 


Richmond, Fredericksburg & Poto- 
mac. 


Steel trailer weighs . 82 680 Ib. 
Wood trailer weighs 68 000 Ib. 
Illinois Central. —- None. 
Philadelphia & Reading. 
Standard trailer 46 000 Ib. 


Occasionally a standard combination 
car weighing 66 800 Ib. is applied. 

Not more than two trailers applies on 
any train. 


Central of Georgia. — Steam trains 
consist of two to three coaches accord- 
ing to conditions, weight of coaches 
varies from 53000 to 95.000 Ib. 
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Louisville & Nashville. — Blank. 
Ulster & Delaware. — Blank. 
Pennsylvania. — See question No 68, 
QUESTION 88. — Formation of coaches and 
engine? 
Answers. 


Baltimore & Ohio. — Generally all 
passenger motor car hauling mail or 
baggage daily. 


Chesapeake & Ohio. 
baggage and coach. 


Richmond, Fredericksburg & Poto- 
mac. —- Motor car is always in lead and 
wood trailer, when used, is always in 
the rear. 


Illinois Central, — Engine, baggage 
car, coach or coaches. 
Philadelphia & Reading. — Where 


standard trailer is used, it is run in the 
lead in one direction, motorman being 
able to operate from either motor or 
trailer. When standard coach is used 
motor is in all cases run in the lead. 


Central of Georgia. — This question 
no doubt refers to the consist of the 
train. They are made up with one lo- 
comotive at the end, next is the baggage 
and mail, or baggage mail and express 
car, next is the first and second class 
combination car, or if a three-car train, 
there will be a second class car, then 
the first class car. 


Louisville & Nashville. — Blank. 
Ulster & Delaware. —— None. 


Pennsylvania, — Light steam locomo- 
tives not used. See question No. 2. 


QUESTION 89. -— Number of classes and 
seats. 


Answers. 


Baltimore & Ohio. — 
to 10. 


See exhibits 2 


Steam engine, 


Chesapeake & Ohio. 
1 unit — 1st class : 62 seats. 
1 unit — 1st class : 83 seats. 


Richmond, Fredericksburg & Poto- 
mac. — All seats are first class grade. 


The usual seating capacity is 120, when | 


the wood trailer is added to the seating 
capacity, it is increased to 183 seats. 


Illinois Central. — Average seating ca- 
pacity of light trailers : 56. 


Philadelphia & Reading. —— All first 
class. Seats vary from 24 to 50. 


Central of Georgia. — Passenger cars 
consist of combination, passenger and 
baggage, and first and second class pas- 
senger and first class passenger coaches. 
They carry from 24 to 70 seats. 


Louisville & Nashville. — Blank. 
Ulster & Delaware. — Blank. 


Pennsylvania, — See question No. 88. 


QUESTION 90. — Is there intercommuni- 
cation between the coaches and between the 
locomotive and adjacent coach? 


Answers. 
Baltimore & Ohio. — Yes. 


Chesapeake & Ohio. — No motors. 


Richmond, Fredericksburg & Poto- 
mac. — Yes. 
Illinois Central. -— Use motor cars 


only and there is intercommunication 
between them and the trailer coach, 


Philadelphia & Reading. —— Yes. 


Central of Georgia. — There is inter- 
communication between the coaches and 
locomotive by means of the air signal 
line. 


Louisville & Nashville. — Blank. 
Ulster & Delaware, — Yes. 


Pennsylvania, — See question No. 88. 


a Pe, a, 
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QUESTION 91. — Do you attach trailer 
cats to rail motors? 


Answers. 
Baltimore & Ohio. — Yes. 
Chesapeake & Ohio. — No motor cars. 


Richmond, Fredericksburg & Poto- 
mac. — Yes. 


IWinois Central. — Attach trailer to 
motor car. 


Philadelphia & Reading. — Yes, to gas- 
electric. 

Central of Georgia. — We do not at- 
tach trailer cars to rail motors. 


Louisville & Nashville. — Blank. 
Ulster & Delaware. — None. 


Pennsylvania, — See question No. 86. 
QUESTION 92. — How many? 


Answers. 


Baltimore & Ohio. — One, except 
between Baltimore and Washington whe- 
re two are so attached. 


Chesapeake & Ohio. —- None. 


Richmond, Fredericksburg & Poto- 
mac. —— One trailer is usually attached 
to motor car. If occasion demands, an 
additional trailer is attached. 


illinois Central, — One run only, Gre- 
nada to Greenwood, car No. 115. 


Philadelphia & Reading. -— One now. 
Two to be used later on some of the 
runs, 


Central of Georgia. — See answer 
to 91. 

Louisville & Nashville. — Blank. 

Ulster & Delaware. — None. 

Pennsylvania, — One. 


QUESTION 93. — What is their weight, 
and the number of seats per class? 


Answers. 


Baltimore & Ohio. — See exhibits 2 
to 10. 


Chesapeake & Ohio. — No trailer cars. 


Richmond, Fredericksburg & Poto- 
mac. — All steel trailer weighs 82 680 
Ib. and seats 80 passengers. 

Wooden trailer weighs 68 000 lb. and 
seats 60 passengers. All seats first class. 


Illinois Central. — Combination bag- 
gage and smoker No. 862, seating capa- 
city 42, weight 98 700 lb. 


Philadelphia & Reading. — See exhi- 
bits 17 to 23. Five others building. 


Central of 
to 91. 


Louisville & Nashville. — Blank. 


Georgia. — See answer 


Ulster & Delaware. — None. 


Pennsylvania, — See question No. 61. 


QUESTION 94. — What influence does such 
a composition have on speed? 


Answers. 


Baltimore & Ohio. — Schedule must 
be maintained regardless. 


Chesapeake & Ohio. — None. 


Richmond, Fredericksburg & Poto- 
mac. — Motors cars have sufficient po- 
wer to maintain schedule. 


Illinois Central. — Reduces the speed. 


Philadelphia & Reading. — Addition 
of trailers reduces the speed of train. 
Gear ratio between motor and axle so 
proportioned as to give maximum speed 
called for with trailer operation. 

Central of Georgia. — See answer 
to 91. 
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Louisville & Nashville. — Blank. 
Ulster & Delaware. — Blank. 
Pennsylvania, — Reduces the speed 

that rail motor car can make alone. 


QUESTION 95. — Have you any mixed 
trains? 


Answers. 


Baltimore & Ohio. — No. 


Chesapeake & Ohio. — Yes, one mixed 
train. 


Richmond, Fredericksburg & Poto- 
mac. — No. 


Illinois Central. — Yes. 


Philadelphia & Reading. — Yes. All 
handled by steam locomotives. : 


Central of Georgia. — Yes. 


Louisville & Nashville. — No. 


Ulster & Delaware. — Yes. In steam 
service. 
Pennsylvania. — No. 


QUESTION 96. — To what extent? 
Answers. 


Baltimore & Ohio. — Blank. 


Chesapeake & Ohio. — 67 % passen- 
ger train cars. 33 % freight train cars. 


Richmond, Fredericksburg & Poto- 
mac. — Blank. 


Illinois Central. — 55 % of all branch 
lines, 


Philadelphia & Reading. -— Blank. 


Central of Georgia. — Mixed trains 
are operated on four of these lines, there 
being a total of ten trains. They are all 
handled by steam locomotives. 


Louisville & Nashville. — Blank. 


Ulster & Delaware. — One irain each 
direction daily, except sunday’s on bran- 
ches. One train each direction daily 
on the main line. 


Pennsylvania. — None. 

QUESTION 97. — Formation? 
Answers. 

Baltimore & Ohio. — Blank. 


Chesapeake & Ohio. — Passenger 
train cars are placed next to locomotive 
and freight trains cars at rear of pas- 
senger cars. 


Richmond, Fredericksburg & Poio- 
mac, -— Blank. 


Illinois Central. — Engine, 
cars, passenger carrying cars. 


Philadelphia & Reading, — Blank. 


freight 


Central of Georgia. — Trains are ge- 
nerally made up with the freight cars 
first, and a car or coach suitable for 
Passengers in the rear. 


Louisville & Nashville. — Blank. 
Ulster & Delaware. — Blank. 


Pennsylvania. — Blank. 


QUESTION 98. — Location of engineer's 
cab? 


Answers. 


Baltimore & Ohio. — Right hand side 
engine room. One double end control 
car has cab on the right hand side both 
ends. 


Chesapeake & Ohio. — Operate steam 
locomotives only, equipped with usual 
cab arrangement, engineer located on 
right side of cab. 


Richmond, Fredericksburg & Poto- 
mac, -— Engineer’s seat is located in en- 
gine room which is the front compart- 
ment of motor car. 
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Illinois Central. — At right corner, in 
front, on each type of car. 


Philadelphia & Reading. — In front 
right hand corner of motor car. 


Central of Georgia. — Locomotive 
with engineer’s cab is at the head of the 
train. 


Louisville & Nashville. — Blank. 
Ulster & Delaware. — Blank. 


Pennsylvania. — Engineer’s location 
is at the head of the train in the di- 
rection that movement is being made. 


QUESTION 99. — If there is two of them, 
give information on their equipment (arran- 
gement for starting, stopping, operation of 
brakes, signals)? 


Answers. 
Baltimore & Ohio. — None. 


Chesapeake & Ohio. — Steam locomo- 
tives with only one cab. 


Richmond, Fredericksburg & Poto- 
mac. — One only. 


Illinois Central, — One only. 


Philadelphia & Reading. All gas- 
electric motor cars are equipped with 
operator’s cab at each end with double- 
end operation. Duplicate control, brake, 
air and signal equipment. Engine kil- 
ling switch, operator cab on trailer end 
of motor car. 

Operators cab with all control, air 
brake and signal equipment on each end 
of trailer cars for operation with motor 


-ear. This installation on trailer cars 


makes it unnecessary to turn equipment. 


Central of Georgia. — There is one 
engineer’s cab only. 


Louisville & Nashville. — Blank. 
Ulster & Delaware. 


Same as 98. 


Pennsylvania. — So far as single units 


are concerned, we are now equipping 
them with control from both ends. 

Motor driven cars are not used as 
double headers. 


QUESTION 100, — For motor cars, length 
of body, sub-divided into compartments, size 
and other interesting details? (Please attach 
drawing). 


Answers. 


Baltimore & Ohio. — See exhibits 2 
to 10. 


Chesapeake & Ohio. — Blank. 


Richmond, Fredericksburg & Poto- 
mac. 

Engine room : 15 ft. 10 in. long. 

Baggage room : 26 ft, 2 in. long. 


Smoking compartment : 11 ft. 8 in. 
long. 

Non-smoking compartment ‘iy Baw 
2 in. long. 


See exhibits 13 to 16. 
Illinois Central. — Blank. 


Philadelphia & Reading. — See exhi- 
bits 17 to 23. 


Central of Georgia. — See exhibit 24. 
Louisville & Nashville. — Blank. 
Ulster & Delaware. — None. 


Pennsylvania. —- See Question No. 61. 


QUESTION 101. — If there are two cabs 
or two men employed, driving the motor, where 
do these men take their posts. 


Answers. 


Baltimore & Ohio. — Only one man 
used, always in cab. 


Chesapeake & Ohio. — No motors. 


Richmond, Fredericksburg & Poto- 
mac. —- Only one cab and one motor- 
man, 


- [llinois Central. _. One driver only. 
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_ Philadelphia & Reading. — One ope- 
rator required. 


Central of Georgia. — One man drives 
and one man acts as conductor. 


Louisville & Nashville. — Blank. 
Ulster & Delaware. — None. 
Pennsylvania. — Only one man used. 


QUESTION 102. — If only one driver, where 
is he located? 


Answers. 


Baltimore & Ohio. — In cab, right 
hand side front on car. Engine room. 


Chesapeake & Ohio. — No motors. 


Richmond, Fredericksburg & Poto- 
mac. —- Motorman is located in the en- 
gine room. 


Illinois Central. — In cab at right 
front corner of motor car on each type. 


Philadelphia & Reading. — In ope- 
rator’s cab front end, right hand facing 
direction of movement. 


Central of Georgia. — Located at head 
end of car. 


Louisville & Nashville. — Blank. 
Ulster & Delaware. — Blank. 


Pennsylvania. — See Questions Nos. 98 
and 99. 


QUESTION 103. — Is the speed identical 
in both directions in which the motor travels. 


Answers. 


Baltimore & Ohio. — Yes. 
Chesapeake &.Ohio. — No motors. 


Richmond, Fredericksburg & Poto- 
mac. — Motor car train usually operated 
in forward direction only. It is pos- 
sible for operator to back same, and the 


speed in each direction is the same if 
it where not for the automatic train 
control which limits the speed to the 
maximum of 25 miles per hour when 
the train is operated backward. 


Illinois Central. — Motor cars are turn-), 
ed at each terminal as they are equip- 
ped with but single end control. 


Philadelphia & Reading. — Yes. 
Central of Georgia. — Yes. 
Louisville & Nashville. — Blank. 
Ulster & Delaware. — Blank. 


Pennsylvania. — Yes. 


QUESTION 104. — Information on the flexi- 
bility of the motor? 


Answers. 
Baltimore & Ohio. — Blank. 
Chesapeake & Ohio. — No motors. 


Richmond, Fredericksburg & Poto-. 
mac. — It is possible to operate car 
with one engine and generator and two 
traction motors idle. With series con- 
nections motor, car can operate suc- 
cessfully on light switching work. With 
parallel connection, a speed in excess 
of 5 to 65 miles per hour can be obtain- 
ed on level tangent track, 


Illinois Central. — Can be adiusted 
for variations in load and speed. 


Philadelphia & Reading. — Usual cha- 
racteristic of gasoline engines with an 
idling and working engine speed. 


Central of Georgia. — Motors connect- 
ing to driving axle through shaft, to 
auxiliary transmission with two univer- 
sal joints. Shafts from auxiliary to driv- 
ing axles are equipped with universal 
joints each. 


Louisville & Nashville. — Blank. 
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Ulster & Delaware. — Nothing to re- Richmond, Fredericksburg & Poto- 
port. mac. — Motor car has sufficient power 
Pennsylvania. — Both prime mover Seer cars schedules when hauling two 


and traction motors are of the variable 
speed type. 


QUESTION 105. — In case of rush of pas- 
sengers are you able to increase the load of 
the train? 


Answers. 


Baltimore & Ohio. —- Only to limit of 
capacity of train. 


Chesapeake & Ohio. — No motors. 


Richmond, Fredericksburg & Poto- 


mac. — Yes. 


Illinois Central. —- No. Have no rush 


equal to overload. 


Philadelphia & Reading. — Yes, with- 
in reasonable limit. 


Central of Georgia, — Yes. 
Louisville & Nashville. — Blank. 
Ulster & Delaware. — Blank. 


New York Central. — The class of 
car, seating capacity, power plant equip- 
ment and number of cars used are go- 
yerned by the local conditions to be 
met. The cars are of sufficient size 
and capacity to handle average traffic 
period. Exceedingly heavy traffic dur- 
ing holiday periods is handled by steam 
equipment. 


Pennsylvania. —— Yes, either by per- 
mitting passengers to stand or adding 
one trailer as per question No. 86. 


QUESTION 106. — Within what limits? 
Answers. 


Baltimore & Ohio. — No additional 
trailers can be hauled on any runs, over 
those now assigned. 


Chesapeake & Ohio. — No motors. 


Illinois Central. — None. 


Philadelphia & Reading. — Each mo- 
tor can handle a light weight trailer in 
addition to the regular consist. 


Central of Georgia. — The limit is the 
capacity of the motor car. No addi- 


“tional cars are added to motor car. 


Steam trains can have cars added to 
suit requirements. 
Louisville & Nashville. — Blank. 
Ulster & Delaware. — Same as 105. 
Pennsylvania. — See question No. 105. 


QUESTION 107. — With what effect as 
regards speed? 


Answers, 


Baltimore & Ohio. — 

Chesapeake & Ohio. 

Richmond, Fredericksburg & Poto- 
mac. —- Very little. 

Illinois Central. — See answer to 105. 

Philadelphia & Reading. — Local con- 
ditions too variable to allow definite 
answer. 

Central of Georgia. — Speed of steam 
train would be affected in proportion 
to number of cars added. Very seldom 
is the capacity of the locomotive reach- 
ed unless there is some unusual move- 
ment. 


Blank. 
No motors. 


Louisville & Nashville. — None. 
Ulster & Delaware. — Same as 105. 
Pennsylvania. — See question No. 94. 


QUESTION 108. — Or do you have recour 
se to ordinary locomotives? 


Answers. 


Baltimore & Ohio. — Substitute steam - 
trains when movement is abnormal. 
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Chesapeake & Ohio. 
steam locomotives. 


Only use 


Richmond, Fredericksburg & Poto- 
mac, — Not necessary. 


lilinois Central. — We Have to use 
steam locomotives. 


Philadelphia & Reading. —- We have 
to use steam locomotives. 


Central of Georgia. —- Steam locomo- 
tives and trains could be resorted to if 
motor car was not of sufficient capacity. 


Louisville & Nashville. — Blank. 
Ulster & Delaware. — Same as 105. 


Pennsylvania. — Unusual conditions, 
such as county fairs, circuses, etc., ar- 
ranged for ahead of time by use of suit- 
able steam locomotive and regular pas- 
senger car equipment. 


QUESTION 109. — Is a limit of capacity, 
all things taken into account, to be consi- 
dered as an inconvenience? 


Answers. 


Baltimore & Ohio. — Substitute steam 
trains when movement is abnormal. 


Chesapeake & Ohio. —-No. Practically 
all of the time the equipment used meets 
the requirements. 


Richmond, Fredericksburg & Poto- 


mae. — Have not found it so. 


Illinois Central, — Not under Illinois 
Central Railroad Company operating 
conditions, where peak capacity is pro- 
vided for; ordinarily it would be an in- 
convenience. 


Philadelphia & Reading. — Any limit 
may be an inconvenience but must be en- 
dured at times in interest of Company. 


Central of Georgia. — Yes. 
Louisville & Nashville. — Blank. 


Ulster & Delaware. —- Same as 105. 


Pennsylvania. — These conditions are 
considered when determining the suit- 
ability of steam locomotives or motor 
driven cars. 


QUESTION 110. — Locomotives with inter- 
nal combustion motors, etc. and motor cars. 
Do you store them the same as steam locomo- 
tives, in roundhouses or have you special 
buildings for them?— Reasons? 


Answers. 


Baltimore & Ohio. — Generally kept 
in separate part of roundhouse when 
placed therein. 


Chesapeake & Ohio. — No motors. 


Richmond, Fredericksburg & Poto- 
mac. — Do not find it necessary to 
send motor car to roundhouse at end 
of the run. The car is stored outdoors, 
when not in use, at coach yard, and is 
handled in a manner similar to passen- 
ger cars. 


Illinois Central. — Store them in 
roundhouse with steam locomotives to 
save the expense of special building and 
occasionally they are not housed but car- 
ed for outside. 


Philadelphia & Reading. —_ Where no 
engine house facilities are available, car 
shelters are constructed. Stored in 
roundhouses the same as locomotives. 


Central of Georgia. — One motor rail 
car now in use runs 16.5 miles and 
there has been no provision made for 
housing it. Do not think it necessary 
to build two houses to store this car 
over night. 


Louisville & Nashville. — Roundhou- 


se. 


Ulster & Delaware. — No motor equip- 
ment, 
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New York Central. — Cars are stor- 
ed at stations or engine houses, depend- 
ing upon facilities available. Mainten- 
ance work is handled by mechanics 
picked from regular enginehouse for- 
ces. 


Pennsylvania. -— Stored same as 


.steam locomotives. 


QUESTION 111. — Are they attented by 
special mechanics or by mechanics who deal 
with ordinary locomotives? 


Answers. 


Baltimore & Ohio. — By 
railroad mechanics. 


ordinary 


Chesapeake & Ohio. — No motors. 


Richmond, Fredericksburg & Poto- 
mac. —- Ordinary shop mechanics tend 
to the inspection and repairs to motor 
cars. 


Illinois Central. — By mechanics who 
deal with ordinary steam locomotives. 


Philadelphia & Reading.— Cars main- 
tained by locomotive mechanics who are 
instructed in this special work. 


Central of Georgia. — Attended to by 
regular mechanics who are used for 
locomotives and cars. 


Louisville & Nashville. —- Ordinary 
mechanics. 
Ulster & Delaware. —- No motors. 


Pennsylvania. —- Not attended by spe- 
cial mechanics. 


QUESTION 112, — Maximum distance that 


can be run on regular services, taking into . 


account supplies and conditions of the fire? 
Answers. 


Baltimore & Ohio, — Have no record. 
Performance shows cars make from 1 
to 5 miles per gallon of gasoline, de- 


pending upon operating conditions and 
service. Maximum run depends upon 
this and size of gasoline tank. 


Chesapeake & Ohio. — No motors. 


Richmond, Fredericksburg & Poto- 
mac. — The maximum distance our mo- 
tor can run on a regular schedule is 
113.5 miles. The car, however, carries 
sufficient gasoline and supplies to make 
a run of about 400 miles, 


Illinois Central. — Maximum length 
of assigned run of steam engine in pas- 
senger service is 455 miles. 


Philadelphia & Reading. — No data 
available. 


Central of Georgia. — No data avail- 
able. 


Louisville & Nashville. — Blank. 
Ulster & Delaware. — Blank. 


Pennsylvania. — Blank. 


QUESTION 113. — Maximum speed on level 
track ‘under satisfactory conditions of stabi- 
lity and smoothness of running, and with regu- 
lar running of the motor? 


Answers. 


Baltimore & Ohio. — 40 to 65 miles 
per hour, dependent upon size and cha- 
racter of power in cars. 


Chesapeake & Ghio. — No motors. 


Richmond, Fredericksburg & Poto- 
mac, — About 65 miles per hour. Speed 
control governor set to apply air brakes 
if this speed is exceeded. Without train 
control, the car is capable of obtaining 
a speed of nearly 70 miles per hour. 


Illinois Central. —- About 50 miles per 
hour and runs smoothly, 


Philadelphia & Reading. — 50 to 60 
miles per hour. 


848 
“XTI— 296 


Central of Georgia. — We have speed 
limits on alJ of these lines. Rail motor 
car has a limit of 30 miles per hour. 
Mixed trains 20 miles per hour, and 
passenger trains 40 to 50 miles per hour. 


Louisville & Nashville. — 60 miles per 
hour. 


Ulster & Delaware. — No motors. 


Pennsylvania. — With unit operating 
alone, a speed of 70 miles per hour can 
be attained with safety, the same as with 
heavy steam passenger locomotives. 

This speed will be reduced when trai- 
ler is attached. 


QUESTION 114. — What difficulties have 
you met from the point of view of mainte- 
nance? 


Answers. 


Baltimore & Ohio. — None. 
Chesapeake & Ohio. — No motors. 


Richmond, Fredericksburg &° Poto- 
mac. — None. Motor car easily main- 
tained up to this time. 


Jilinois Central. — No difficulty other 
than getting material on short notice for 
engines and electric apparatus. 


Philadelphia & Reading. — No par- 
ticular difficulties met from mainten- 
ance standpoint except trouble expe- 
rienced with exhaust gaskets and ma- 
nifolds burning out due to grade of ga- 
soline originally used. 


Central of Georgia. — Rail motor car 


has not been in service long enough to. 


get any data or form any opinion as to 
maintenance. Have not met any diffi- 
culty in maintenance of our locomoti- 
ves and cars. 


Louisville & Nashville. — Blank. 


Ulster & Delaware. — No motor cars. 


Pennsylvania. — Only such ditficul- 
ties as arise in the development of any 
new mechanism. 


QUESTION 115. — Difficulties in connec- 
tion with quality of water? 


Answers. 


Baltimore & Ohio. — On certain di- 
visions treated water is used. 


Chesapeake & Ohio. — No difficul- 
ties on account of using treated water 
from water softener plants. 

Richmond, Fredericksburg & Poto- 
mac. — None. 

Illinois Central. — No difficulties. 

Philadelphia & Reading. — No diffi- 
culties experienced with quality of water 
used in motor car. 


Central of Georgia. —- Have no diffi- 
culties with water, all water, with a few 
exceptions, being fair boiler water and 
such as is not, is treated chemically. 


Louisville & Nashville. — Blank. 
Ulster & Delaware. — Blank. 


Pennsylvania. — Scale forming water 
requires more attention to piping and 
passages and more frequent cleaning of 
cooling system. 


QUESTION 116. — Public attitude to light 
trains, rail motors, etc.? 
Answers. 
Baltimore & Ohio. — Favorable. 


Chesapeake & Ohio. —‘No complaints. ~ 
Have ample equipment to serve the pu- 
blic. 


Richmond, Fredericksburg -& Poto- 
mac. — Appears to be favorable. : 


Illinois Central, — Favorable. 


Philadelphia & Reading. — No objec- 
tions, except where shedule revisions 
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require them to change cars at junction 


points where they formerly enjoyed 
their through service. 
Central of Georgia. — Experience is 


that the public attitude in regard to 
light trains, rail motors and buses is 
favorable; in the case of the one rail car 
and one highway bus which have been 
installed, these have been received fa- 
vorably. 


Louisville & Nashville. — Favorable. 


Ulster & Delaware. — Believe the pu- 
blic attitude would be favorable. 


Pennsylvania. — 
tory. 


Generally satisfac- 


QUESTION 117. — Average consumption of 
fuel including that for lighting and consump- 
tion when stationary, and also separately? 


Answers. 


Baltimore & Ohio. 

Brill 75 gasoline car (190 H. P.), 
4 miles per gallon in one case, and, 

Brill 75 gasoline car (190 H. P.), 
2 miles per gallon in one case. 

Edwards gasoline car (65 H. P.), 
4.2 miles per gallon, and Brill 600 elec- 
trices (250 H. P.), 1.5 to 20 miles per 
gallon dependent upon operating condi- 
tions. 

Standard steel gas-electric (600 H. P.), 
1.5 miles per gallon, estimated; in sery- 
' ice too short period to give definite 
figure. 


Chesapeake & Ohio. — Locomotive 
fuel consumption, including stationary 
portion. 

21.8 per passenger car-mile. 

80.5 per locomotive-mile. 

None used for lighting. 

Richmond, Fredericksburg & Poto- 


mac. — Average consumption of gaso- 
line is about 1.2 gallons per mile on 


schedules requiring an average of one 
stop every 2 miles and of sufficient 
speed to require use of both gasoline 
engines. These figure includes about 
3 gallons per round trip used for test- 
ing train control and other mechanical 
and electrical apparatus on motor car 
at end of run. 


Illinois Central. — Do not have fuel 
consumption except as to operation of 
entire car or train and no record for 


consumption while stationary. Train 
miles per gallon of gasoline : 
117 32.82 113 : 1.85 
118 : 3.44 116 : 2.21 
119 23.45 114 : 2.21 
120 : 3.70 115 : 1.86 
13.41 8.13 
Average : 3.35 Average : 2.3 miles 


per gallon. 


Philadelphia & Reading. — Average 
miles per gallon of gasoline 1.47 based 
on 250-H. P. gas-electric cars (one en- 
gine). 350-H. P. gas-electric cars, ave- 
rage 1.15 miles per gallon (two engines). 


Central of Georgia. — Our locomotive 
fuel varies from 22 to 30 Ib. of coal per 
passenger train car-mile according to 
road and service. We have no data on 
cost of gasoline for rail motor car per 
mile as yet. The above figures include 
all fuel put on the locomotive tender and 
includes firing up, stand-by losses, light- 
ing locomotive and train as well as 
heating. 


Louisville & Nashville. — Blank. 


Ulster & Delaware. 
able. 


No data avail- 


New York Central. — Fuel perfor- 
mance in accordance with profile, speed 
and number of stops and average figure 
for the gas-mechanical motor car oper- 
ating without trailer is 2.5 miles per gal- 
lon and for the gasoline-electric cars, 
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avhich, are heavier, is 1.6 miles per gal- 
lon. 


Pennsylvania. — Consumption varies 
from 1 mile per gallon of gasoline for 
larger cars with trailer to 6 miles per 
gallon for light cars. 


QUESTION 118. — Average cost per train- 
mile and per ton mile for: a) fuel (or elec- 
tric power). 


Answers. 


Baltimore & Ohio. — Average cost per 
train mile is 6.82 cents. 


Chesapeake & Ohio. — No motors. 


Richmond, Fredericksburg & Potomac. 
—- Gasoline fuel is 0.16 lb. per train-mile. 


Illinois Central. — Do not have it for 
ton miles as this covers motor car ope- 
ration in passenger service. 

Average cost for gasoline fuel per 
train-mile from January ist to Octo- 
ber 1st 1928 for eight cars was 4 3/4 
cents. 


Philadelphia & Reading. — Average 
cost for fuel per train-mile is 0.37486; 
per ton-mile is 0.00074. 

Average cost of gasoline per train- 
mile 7.83 cents, based on 250-H.P. gas- 
electric cars. Other figures not avail- 
able at present. 


Central of Georgia. — Average cost of 
fuel per passenger train-mile is 11.4 cents. 

Average cost per train-mile, freight, 
30.16 cents, including locomotive and 
tender. 

Average cost per train-mile, freight, 
0.0187 cent excluding locomotive and 
tender. No electric power used. 


Louisville & Nashville. — 32 cents per 
train-mile. 


Ulster & Delaware. -—- Same as 117, 
Large cars (gasoline-electric) cost 
$0.15 per irain-mile. 


Light cars (gasoline) cost $0.25 per 
train-mile. 

Large cars cost $0.0013 per ton-mile. 

Light cars cost $0.0017 per ton-mile. 


QUESTION 119. — b) Lubrication material. 
Answers. 


Baltimore & Ohio. — Average cost of 
train-mile for lubrication is 0.49 cent. 


Chesapeake & Ohio. — No motors. 


Richmond, Fredericksburg & Potomac. 
— Lubricating oil 0.006 cent per train- 
mile. 

Illinois Central. — Average cost per 
train-mile, 1 January to 31 October 1928, 
for 8 cars was 0.812 cent. 


Philadelphia & Reading. —- Average 
cost of lubrication per train-mile is 
0.00456 cent and per ton-mile, 0.000009 
cent. 

Average cost of lubricating oil per 
train-mile, 0.00607, based on 250-H. P. 
gas-electric cars. Other figures not avail- 
able at present. 


Central of Georgia. — Average cost per 
passenger train-mile 0.006 dollar. 

Average cost per ton mile, freight, 
0.000004 dollar, including locomotive aud 
tender, Average cost per ton-mile freight, 
0.000095 dollar, excluding locomotive and 
tender. 


Louisville & Nashville. — 0.0325 cent. 
per train-mile. 


Ulster & Delaware. — Same as 117. 
Pennsylvania. — $0.002 per train-mile. 
QUESTION 120. — e) Lighting. 


Answers. 


Baltimore & Ohio. — Included in 118. 


Chesapeake & Ohio. —- No motors. 


Richmond, Fredericksburg & Potomac. 


ii 
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— Electric power for lighting is furnish- 
ed by main engine and generator units. 
Cannot separate cost for lighting. 


Illinois Central. — No records as this 
cost was included in answer to No. 118. 


Philadelphia & Reading. — Data not 
kept separately, included in No. 118 and 
No. 119. 


Central of Georgia. — Average cost per 
passenger train-mile 0.009 cent. 

Louisville & Nashville. —— Included in 
a) No. 118. 


Ulster & Delaware. — Same as 117. 


Pennsylvania. — Cost is included 
under fuel, Question No. 118. 


QUESTION 121. — d) Water. 
Answers. 

Baltimore & Ohio. — Blank. 

Chesapeake & Ohio. — No motors. 


Richmond, Fredericksburg & Potomac. 
— Only a few gallons of water required 


monthly for engine cooling. The cost is 
negligible. 
Illinois Central. — No record. 


Philadelphia & Reading. — Average 
cost of water per train-mile, 0.01571 cent; 
per ton-mile, 0.00003 cent. Not kept se- 
parately for gas-electric cars, included 
in Nos. 118 and 119. 


Central of Georgia. —- Average cost per 
passenger train-mile 0.008 dollar. 

Average cost per ton-mile, freight 
0.000011 dollar, including locomotive and 
tender. Average cost per  ton-mile, 
freight, 0.000013 dollar, excluding loco- 
motive and tender. 


Louisville & Nashville. — No record. 
Ulster & Delaware. — Same as 117. 


Pennsylvania. -— Practically nothing 
per train-mile as cost per 1 000 gallons is 
from 5 to 12 cents. 


11[—6 


QUESTION 122. — e) Please state price 
per unit of materials, motorman and train 
crew. Enumerate. 


Answers. 


Baltimore & Ohio. — Average cost of 
crew : motorman, conductor and flag- 
man, and in one case a baggageman, is, 
per train-mile, 18.78 cents. 


Chesapeake & Ohio. — No motors. 


Richmond, Fredericksburg & Potomac. 
—— Motorman, $ 11.84 per round trip. 

Conductor, $10.76 per round trip. 

Baggagemaster, $8.08 per round trip. — 

Brakeman, $7.35 per round trip. 

The conductor, baggagemaster and 
brakeman are paid on a guarantee of 
30 working days per month basis and 
if the schedule on which the motor car 
operates does not require its use during 
30 days of each month, the conductor, 
baggagemaster and brakeman are paid 
an additional sum of $7.20, $5.22, and 
$5.05 respectively per day of those days 
on which the motor car schedule does 
not require its operation. 


Illinois Central. — Conductor 0.476 
cent per mile and based on 150 miles. 
Trainmen, 0.345 cent per mile and 


based on 150 miles. Motorman, 0.650 cent 


per mile and based on 150 miles. 


Philadelphia & Reading. — Motorman, 
$7.53, 10 hours or 100 miles. 

Conductor, $7.50, 10 hours or 150 miles. 

Baggageman, $5.52, 10 hours or 150 
miles. 

Baggagemaster also acts as flagman. 


Central of Georgia. — Blank. 


Louisville & Nashville. — Motorman, 
0.087 cent per mile. Conductor, 0.077 
cent per mile. 

Ulster & Delaware. — Blank. 

-— See Question No, 85 
as to the basis of pay. The hourly or 
mileage rates are the same as the mini- 
mum paid in steam passenger service. 


Pennsylvania. 
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QUESTION 123. — f) Cleaning and main- 
tenance of mechanical and electric parts of 
machine? 


Answers. 


Baltimore & Ohio. — Average cost of 
maintenance of motors is per train-miie 
3.7 cents. 

Chesapeake & Ohio. — No motors. 


Richmond, Fredericksburg & Potomac. 

- Maintenance and inspection of elec- 
trical and mechanical parts of machine 
including air brakes amounts to about 
$0.06 per train-mile. Maintenance and 
inspection of automatic train control 
amounts to about $0.006 per train-mile. 


Illinois Central. — Machinists make 
75 cents per hour. Electricians, 75 cents 
per hour, helpers, 52 cents per hour, 
wipers, 38 cents per hour. 


Philadelphia & Reading. — No fixed 


price. All day-rate. 
Rates : 
Machinists 77 cents per hour. 
Electricians . . . 77 — — — 
Central of Georgia. — Mechanical and 


electrical parts are cleaned by regular 
cleaners who are paid from 22 to 25 cents 
per hour. 

Maintenance of mechanical and elec- 
irical parts will be by regular mecha- 
nies and electricians and specialists at 
from 52 to 75 cents per hour. 


Louisville & Nashville. — Blank. 
Ulster & Delaware. — Blank. 


Pennsylvania. — Cleaning and main- 
fenance of gasoline-clectric cars $0.09 
per mile. 

Cleaning and maintenance of gasoline 
ears $0.122 per mile. 


(WUESTION 124, — 9) Cleaning and mainte- 
nance of coach portion, if there are expenses 
additional to those for ordinary coaches? 


Answers. 
Baltimore & Ohio. 


Average cost of 


maintenance of cars and trailers per 
train-mile is 1.39 cents. 

~ Average cost of miscellaneous supplies 
etc. is, per train-mile, 3.41 cents. 


Chesapeake & Ohio. — No motors. 


Richmond, Fredericksburg & Potomac. 
--- No difference from ordinary coaches. 

Illinois Central. — Car 
38 cents per hour. 


cleaners, 


Philadelphia & Reading. — Nothing to 
report. 


Central of Georgia. — Cleaning of 
coach portion of rail car will be done by 
coach cleaners at 17 cents per hour for 
women and 25 cents per hour for men. 

Maintenance by car specialists and car 
mechanics at 52 to 75 cents per hour. 
There are no additional expenses to those 
for regular coaches. 


Louisville & Nashville. — Blank. 
Ulster & Delaware. — Blank. 


Pennsylvania. -—— Included in costs 
given in Question No. 123. 


QUESTION 125. — Same information as 
above (except g) in the case where an ordi- 
nary locomotive is used which is economically 
best appropriated to the trains in question? 


Answers. 


Baltimore & Ohio. — The average cost 
of steam operation covering general ex- 
penses, operation and maintenance, mini- 
mum $0.69, maximum $0.179. 


Chesapeake & Ohio. 
Fuel . 0.09723, locomotives. 
Lubrication . 0.00464, locomotive and 
passenger cars. 
0.01203, passenger cars. 
0.00787, locomotives and 
passenger cars. 
0.05853, passenger cars, 


Lighting . 
Water . 


Cleaning . 


Richmond, Fredericksburg & Potomac. 


-_ 


9 ere 
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— For steam operation on local pass- 
enger trains. 
Cost of fuel per train-mile, 0.27. 
Cost of water per train-mile, 0.007. 
Wages, engineman per round trip 
$13.15. 
Wages, fireman per round trip $10.10. 


Other costs the same as for motor car. 


Illinois Central. 


Skilled mechanics . 0.75 per hour. 
Helpers all trades . 0.52 — — 
Hostler . 0.703 —- — 
Cinder pit men . 0:395 —. — 
Wipers . 0.38 — — 


Philadelphia & Reading. — Blank. 


Central of Georgia. — Ordinary steam 
locomotives where used are handled by 
the same class of cleaners that is 22 
to 25 cents per hour and specialists and 
mechanics from 52 to 75 cents per hour. 


Louisville & Nashville. — Blank. 


Ulster & Delaware. 


Engineman $6.00 per day. 
Fireman 4:48 0 \4= 
Baggageman 4.56 == — 
Flagman 4.40 — — 
Conducior . 6.40 — — 


Locomotive maintenance cost, 20 cents 
per mile. 


Pennsylvania. 
j Main- 
Cleaning. tenance. Total. 
$ $ $ 
Standard loco- 
motive, cost 
per mile . 0.01 0.27 0.28 
Standard pass- 
enger car, cost 
per mile . 0.0072 0.0228 0.03 


The cost per mile, therefore, for a 
steam train would be $0.28 for locomo- 
tive plus $0.03 time the number of pass- 
enger cars used in the train. 


6* 


QUESTION 126. — Average purchase price 
of economical motors, enumerated, expressed in 
terms of a stable currency; time of deprecia- 
tion to be expected? 


Answers. 


Baltimore & Ohio. 


Crete mbes... 8.9 320.00 
OIE Gane Seok cos a, 26,878.50 
ea it hy 26 878.50 
Cet Ue 39 347.00 
GE-2 . 41 414.00 
GE-3 . 43 211.08 
GE-5 . 45 733.90 
GE-6 . 45 415.00 
GE-7 . 65 718.00 


Chesapeake & Ohio. — No motors. 


Richmond, Fredericksburg & Potomac. 
— Motor unit with dual 300-H. P. engine 
and necessary electrical equipment cost 
$70 000.00. We allow a rate of 10 % 
depreciation for mechanical and elec- 
trical equipment of the motor car and 
4 1/4 for the remainder. 


Illinois Central. 
113 to 116, average cost per car $27 143.00 
117 to 120, —- a 26 871.00 
Time of depreciation, 25 years or 4 % 
each year. 


Philadelphia & Reading. 


Bach. 
Three 250 H.P. gas-electric $40 618.29 
One 250 -— — 38 625.75 
— 350 — — 56 000.00 
— 360 — -— 60 000.00 


Depreciated al 4 1/2 % per year. 


Central of Georgia. —- The purchase 
price of the rail gas car which is in ser- 
vice was $19 000.00. 

Time of depreciation 12 1/2 years. 


Louisville & Nashville. — $38 562.00. 
— 25 years. 


Ulster & Delaware. — Blank. 


Pennsylvania. 
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_ Gasoline cars : Car 118 38.388 
Weight 29500 Ib., cost . $17 000.00 yy le) 33 434 
_ 55000 Jb., == & 27 000.00 » 120 47 584 
Gasoline-electric : About the same for locomotives on 
Weight 90000 Ib., cost. . $35 000.00 these runs. . 
~~ 16 ia 2 000. : , <I 
ct i on - aa ae ss Philadelphia & Reading. — Approxi- 
a) 132 ih 51 000.00 mately 60 000 miles, which is more than 


See Question No. 11 for description of 
cars. 

Time of depreciation, 36 years at 
2 1/2 % per annum for bodies. 

Time of depreciation, 5 years at 18 % 
per annum for power units. 


New York Central. 

Gas mechanical cars 
$25 000.00 to $35 000.00. 

Gas electric, single power plant cars, 
$45 000.00 to $50 000.00. 

The Diesel power plant gas-electric 
cars range from $60 000.00 to $65 000.00. 

Rates of depreciation used which is 
applied to the entire unit, are 14 % for 
the gas-mechanical and 10 % for gas- 
electric cars. 


range from 


QUESTION 127. — What is the annual mi- 
leage covered by your different motors? Com- 
parison with ordinary locomotives? 


Answers. 


Baltimore & Ohio. — Blank. 
Chesapeake & Ohio. — No motors. 


Richmond, Fredericksburg & Poto- 
mac. as been in service 
only since May 1928, and the total mile- 
age for a year should be about 35000 
miles. The car should make a much 
higher mileage than above if schedules 
would permit. 


Illinois Central. 


44 772 


Car 413 
MEA, 27 746 
» 115 54 317 
i EGOS eal tk tere 20 082 
» “417 one ee 22134 


had been covered by ordinary locomo- 
tives. 

Central of Georgia. — The rail gas car 
now in operation, will make 35 040 miles 
annually. As this is the only one in ser- 
vice, it will have to be compared with 
the steam locomotive which it replaced, 
which made the same mileage. 


Louisville & Nashville. — 67 670 miles 
per year. 


Ulster & Delaware. — Blank. 


New York Central. — Average yearly 
mileage for the gas mechanical units has 
been approximately 50 000. It is estimat- 
ed that similar yearly mileage will be 
made by the gas-electric motors. 


Pennsylvania. 


Gasoline cars 37 800 miles per annum 


Gas-electric . 53 000 — — 
Steam locomo- 
tives 60 000 —= — 


ITEM 30. — Have you, having regard to 
the small importance of traffic and from 
economical consideration or competiticn, re- 
placed the train service on any of your minor 
lines by road service using motors or tractors 
and trailers? of 


QUESTION 128. — a) For passenger and 
parcel traffic? 


Answers. 


Baltimore & Ohio. — Replacements of 
steam train service by rail motor cars 
have been from economic consideration, 
where a rail service is necessary but 
traffic light. — 
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Chesapeake & Ohio. — No motors. 


_ Richmond, Fredericksburg & Potomac. 
— Yes, we have replaced train service 
with highway motor buses for passenger 
service in one instance. 

Illinois Central. — No. 


Philadelphia & Reading. — Yes. Steam 
service replaced with gas-electric motors. 
“Also motor coach service is in operation 
the service being performed by a sub- 
sidiary company. 


Central of Georgia. — We have replac- 
ed passenger service on one minor line 
with highway bus service and have on 
order two buses which will replace pas- 
senger train service on two other minor 
lines. 

These buses handle small baggage and 
parcels in addition to passengers. 


Louisville & Nashville. — No. 


Ulster & Delaware. — None. 


' Pennsylvania. — No. 


QUESTION 129. — b) For freight traffic. 


Answers. 


Baltimore & Ohio. — None. 
_ Chesapeake & Ohio. — Nothing. 


Richmond, Fredericksburg & Potomac. 
— None. 


Illinois Central. — None. 
Philadelphia & Reading. — None. 
Central of Georgia. — None. 
Louisville & Nashville. — None. 
Ulster & Delaware. — None. 


a 
Pennsylvania. — No. 


7 


QUESTION 130. — Please give information 
with regard to results, from the point of view 
of working expenses in competition? 


Answers. 


Baltimore & Ohio. — Marked reduc- 
tion in operating expenses have been 
secured through the introduction of gas 
or gas electric rail motor cars. The use 
of such cars has not, however, been an 
effective means of competition, that is 
with the private automobile or highway 
motor coach. 


Chesapeake & Ohio. — None. 


Richmond, Fredericksburg & Potomac. 
— This service has just been inaugurated 
and no figures are available at this time. 


Illinois Central. — None. 


Philadeiphia & Reading. An appro- 
ximate annual saving in steam train cost 
of $51 724.40 due to operation of motor 
coach service and approximate annual 
saving in steam train cost of $49 879.52 
due to substitution of gas-electrie motor 
service for steam service. 


Central of Georgia. —- In the one case 
where highway bus service replaced 
passenger train service, working expen- 
ses have been greatly reduced. Compe- 
tition was not considered, as the passen- 
ger business on this line was reduced by 
the use of privately owned automobiles. 


Louisville & Nashville. —— Blank. 
Ulster & Delaware. — Blank. 


Pennsylvania. -— See Questions Nos, 


128 and 129. 
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‘'B. — Use of special tractors for shun- 
ting in smaller yards and for certain 
work in large yards, 


QUESTION 131. — Set out the special me- 
thods of traction that you use for small move- 
ments for example? 


Answers. 


Baltimore & Ohio. — At 26th Street, 
New York, Ingersoll Rand oil-electric 
locomotive. At Pier 40, Philadelphia, 
Plymouth gasoline locomotive. At Fell 
Street, Baltimore, Md., General Electric 
locomotive. 


Philadelphia & Reading. — Blank. 


Central of Georgia. — We have no 
special methods in use for small move- 
ments; all movements of cars in yards 
or sidings are made by steam locomo- 
tives. 


Pennsylvania See Questions Nos. 135 
and 162. 


QUESTION 132. — Horses. 


Answers. 


None in use. 


QUESTION 133. — One-wheel push carts 
(wheel barrow type), with gasoline motor. 
Answers. 
None in use. 
QUESTION 134. — Push carts or tractors, 
tricycle type, operated by hand? 
Answers. 
None in use. 
QUESTION 135. — Locomotive tractors 
with combustion motors, or steam, or electric, 


on rails, with or without capstans fitted on 
the tractors? 


Answers. 


Baltimore & Ohio. — See answer to 
Question 131. 


Philadelphia & Reading. — Blank. 


Central of Georgia. — Only have steam 
switching locomotives. 


Pennsylvania. — Yes, gasoline-electric 


tractors with rubber tires on four wheel, 


drive and four wheel steering and 
equipped with automatic air brake. 


See Question No. 162 and photograph 


attached, exhibit 35. 
Tractor operates on paved surface. 


QUESTION 136. — Ordinary wheel auto- 
tractors running in gangways? 


Answers. 


_ None in service. 


QUESTION 137. — Caterpillar tractors? 
Answers. 


None in service. 


QUESTION 138. — Capstans with cable, 
Answers, 


Baltimore & Ohio. -— None. 


Philadelphia & Reading. — At our 
grain elevator at ore docks at Port Rich- 
mond we use cable hauls for shifting 
and transferring cars to both the ore 
machines and to the car unloading ma- 
chinery in the grain elevator. These 
systems work out very satisfactorily and 
are capable of handling from 6 to 10 
loaded cars on level tracks. 


Central of Georgia. — None. 


Pennsylvania. — No. 


? QUESTION 139. 


— Hand windlasses with 
cables? 


Answers. 


None in use. 
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QUESTION 140. — Transfer cable with 
internal combustion or electric motor? 


Answers. 


Baltimore & Ohio. — Blank. 
Philadelphia & Reading. — Blank, 


Central of Georgia. — We have one 
transfer cable, but this service is for 
passenger coach repair shop only. 


Pennsylvania. — No. 


QUESTION 141. — Cables worked by elec- 
tric motor? Running on a bridge built above 
the track, etc.? 


Answers. 
None in use. 


QUESTION 142. — Indicate the average 
number of trucks thet can be dealt with at 
a time with the respective methods of trac- 
tion : a) Loaded. 


Answers. 


Pennsylvania. — The available tractive 
power or draw-bar pull of 8 000 lb. will 
handle a variable number of cars, de- 
pending on the resistance due to their 
weight, the grade of track and curvature. 


QUESTION 143. — b) Empty. 
Answers. 


Pennsylvania. — See Question No. 142, 


QUESTION 144. — Also speed of movement 
and radius of operation (for example for ca- 
bles)? 


Answers. 


Pennsylvania. — Fuel for 8 hours ope- 
ration is carried. ; 

Maximum speed is 12 miles per hour 
light and 3 miles per hour at 8000 Ib. 
draw-bar pull. 


QUESTION 145. — How is grip obtained? 
Answers. 
Blank. 


QUESTION 146. — Please describe the ap- 
paratus and attach plans with interesting 
details. 


Answers. 
Pennsylvania. — See Question No, 162. 


QUESTION 147. — Information on the cases 
in which the different means are used? 


Answers. 


Baltimore & Ohio. — At New York a 
small yard in congested territory where 
no smoke is desired is used locomotive 
described. At Philadelphia, the small 
amount of switching at Pier 40 permits 
use of more economical piece apparatus 
than steam. At Baltimore, Fell Street, 
congested district and sharp curvatures 
require special equipment. 


Philadelphia & Reading. — Blank. 


Central of Georgia. — Blank. 
Pennsylvania. — None. 


QUESTION 148. — Various methods used. 
Answers. 
Pennsylvania. — See Question No, 135. 


QUESTION 149. — Importance of daily per- 
formed operation? 


Answers. 


Baltimore & Ohio. — The operations 
in each case are at water front and are 
important in that they involve car trans- 
fers from isolated yards to floats for 
delivery to main yards. 


Philadelphia & Reading. — See answer 
to No. 148. ‘ 


Central of Georgia. — Blank. 
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, Pennsylvania. —— Very busy freight Pennsylvania. — See Question No. 151. 


terminals. 


QUESTION 150. — Kind of operation, for 
example, movement of cars in freight yards? 


Answers. 


Baltimore & Ohio. See above. In 
addition switching to freight sheds and 
adjacent team and industrial sidings is 
done. 


Philadelphia & Reading. — See answer 
to Question 148. 


Central of Georgia. — Blank. 


Pennsylvania. — Can be used wherever 
surface is provided. 


QUESTION 151. — Shunting or placing of 
cars in freight yards, to avoid the use ofa 
locomotive entering a siding? 


Answers. 
Baltimore & Ohio. —— None. 


Philadelphia & Reading. — Oil motors 
substituted for steam power, in some 
sections. 


Central of Georgia. — Done only by 
steam locomotives. 


Pennsylvania. —- Used to avoid use 
of steam locomotive and because requir- 
ed by sharp curvature. 


QUESTION 152. — Movement of cars in 
yards, docks, platforms, etc. 


Answers. 
Baltimore & Ohio.— See answer above. 


Philadelphia & Reading. — Cars are 
placed at and moved from industries, 
and track service performed by motors, 
the track service covering a haul of 
about 6 miles. 


Central of Georgia. —_ Movement of 
cars in yard ete., made by steam locomo- 
tives only. 


QUESTION 153. — Particulars on the me- 
thod in use as pushing or pulling? 


Answers. 


Baltimore & Ohio. — Push and pull. 


Philadelphia & Reading. — In indus- 
trial switching, cars are pushed and 
pulled in track; service, pulled. 


Central of Georgia. — No special par- 
ticulars other than those performed in 
the average freight yard by steam switch- 
ing locomotives. 


Pennsylvania. — Is equipped with 
standard couplers and will either pull or 
push, 


QUESTION 154. — Time used for getting 
up steam? 


Answers. 
Baltimore & Ohio. — Blank. 


Philadelphia & Reading. — Cannot 
advise. 


Central of Georgia, 30 minutes to 
one hour according to the class of loco- 
motive. 


Pennsylvania. Not required. 


QUESTION 155. — Steps for security, brake 
arrangement? 


Answers. 
Baltimore & Ohio. — Nothing. 


Philadelphia & Reading. — Same 
methods employed as if ordinary loco- 
motives were. used, that is hand brakes 
ete. are applied by men on the cars. 


Central of Georgia. — All driving 
wheels and tender wheels are equipped 
with automatic air brakes. 


Pennsylvania. — Hand brake and auto- 
matic brake. i 
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QUESTION 156. — Difficulties experienced, 
for example, damage to track by auto-irac- 
tors not working on the rail? 


Answers. 


Blank. 


QUESTION 157. — Men necessary, details 
on their routine. Are they specialized? From 
what service selected? Do they require spe- 
cial training? 


Answers. 


Baltimore & Ohio. — Regular engineers 
and yard crews used. Regular engineers 
taught to operate this special equipment. 


Philadelphia & Reading. — See answer 
to 156. 


Central of Georgia. — Our switching 
crews vary in number according to size 
of yard and number of cars handled 
Minimum number is 5. Engineer and 
fireman, switch foreman, a conductor 
and two switchman. The number of 
switchmen is increased as required. 

The men in switching service may be 
men from road service or may be men 
trained in yard. 


Pennsylvania. — One operator requir- 
ed. He is selected from the train ser- 
vice, very little training required. 


QUESTION 158. — Garaging arrangements. 
Are special installations necessary? 


Answers. 


Pennsylvania. — Shed to _ protect 
against weather, no special installation 
necessary. 


QUESTION 159. — How long have you been 
using these various methods and do you in- 


tend to extend their use? If not, why not? 


Answers. 


Baltimore & Ohio. — Several years; 
will use special equipment wherever its 
use can be justified. 


Philadelphia & Reading. — Nothing to 
report. 


Central of Georgia. — See previous 
answers in this section. 

Pennsylvania. — First machine built 
in 1913. Additional ones will be built 


if conditions warrant. 


? QUESTION 160. — Have you tried other 


‘methods than those which you now use? 


Tf so, with what results, why have you aban- 
doned them, or do you expect to return to 
them? 


Answers. 


Pennsylvania. — Horses abandoned in 
favor of tractor. See Question No. 162 
for comparative operation. 


QUESTION 161. — Are-you considering the 
use of other methods? 


Answers, 
Pennsylvania, — No. 


QUESTION 162. — Please give descriptions 
and useful particulars, and special object 
aimed at? 


Answers. 


Baltimore & Ohio. — Special operating 
conditions which had to be met and 
desire for economical units. 


Philadelphia & Reading. — Object 
aimed at is economy in operation, reduc- 
tion of personal and reduction of hazard 
to employees. 


Central of Georgia. — See previous 
answers. 


Pennsylvania. — Does not run on rails, 
rubber tires, 4-wheel steer, 4-wheel brake, 
air and hand. Standard automatic air 
brake with 16 cubic-foot motor driven air 
compressor. Main generator is 26-42 kw.; 
176-300 volts; 142 amperes 600-1 000 r. p. 
m. 
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. Maximum speed 12 m. p. h. light, start- 
ing tractive effort 10 000 Ib. and tractive 
effort at 3 m. p. h. is 8 000 Ib. 

Motors are vehicle type 176 
70 amperes, 1 300 r. p. m. 

Gasoline engine, Climax, 6-cylinder, 
4-cycle, 5 1/2 inch x 7 inch and rated 
65 H.P. at 600 r. p. m. and 105 H. P. at 
1 000 r. p. m. 

Engine is run at constant speed with 
variable voltage control for control of 
tractor speed. 

Roof radiator of 44 gallons capacity 
and pump circulation. 

Fuel system — Vacuum. 

Starter — 12-volt Bendix. _ 

Wheels — Cast steel with dual 6-inch 
x 60-inch rubber tires. 

Cost of handling by tractor equals 
28 % of contract price with horses; 
5 tractors will handle more than 125 
horses; 125 horsés equal 14 teams. 

14 teams require 14 crews of 1 driver 
and 1 brakeman. 

5 tractor crews require 5 crews of 
1 motorman and 1 brakeman. 

We have no accurate data of cost per 
kilowatt generated on tractor. 

See photograph, exhibit 35. 


volis, 


QUESTION 163. — Information as to re- 
sults obtained, for example, from the point 
of view of regularity of working trains, the 
economical use of trucks, accidents, etc.? 


Answers. 


Baltimore & Ohio. — All desired results 
as to regularity of switching, lowered 
cost, etc. have been obtained. 


Philadelphia & Reading. — Good 
results have been obtained, but we have 
no details to report. 


Central of Georgia. —- See previous 
answers. 


Pennsylvania. — Cost reduced. Acci- 
dents reduced. Regularity improved. 
Service accelerated. 


QUESTION 164. — Advantages and disad- 
vantages to be noted, damages, immobility, 
comparison with the ordinary means to which 
one would have recourse in default of the 
methods mentioned? 


Answers. 


Baltimore & Ohio. — Advantage of 
greater mobility and lower costs as 
against other methods. 


Philadelphia & Reading. — Nothing 
definite to report. 


Central of Georgia. — See previous 
answers. 


Pennsylvania. — See Question No. 162. 


QUESTION 165. — Horses. 
or cost of hiring horses? 


Hourly rates 


Answers. 


Nothing to report. 


QUESTION 166. — Pay of driver or other 
needed help. 


Answers. 


Pennsylvania. — Paid on same basis 
as steam locomotive of lightest switching 


type. 


QUESTION 167. — Apparatus. 
tion. 


Deprecia- 


Answers. 


Baltimore & Ohio. — Standard rate for 
steam locomotives is charged. 


Philadelphia & Reading. — No data 
available. 


Central of Georgia. — As we have no 
special apparatus, we can only give 
depreciation on steam locomotive. This- 
varies from 4 to 5 % per year according 
to the class of locomotive. 


Pennsylvania. — 4 % per annum. 
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QUESTION 168. — Repairs. 
Answers. 


Baltimore & Ohio. — Repairs average 
for oil electric-engine 32 cents per car 
handled, or 12.2 cents per engine-mile 
based on 6 miles per hour. Repairs 
average for Plymouth gasoline locomo- 
tive 18.8 cents per car handled or 3.15 
cents per engine-mile on 6 miles per 
hour basis. 


Philadelphia & Reading. — No data 
available. 


Central of Georgia. — Our locomotive 
repairs average approximately 19 cents 
per mile. This is for the entire system, 
as we do not keep the different classes 
separately. 


Pennsylvania. — $900.00 per year. 


QUESTION 169. — Maintenance? 
Answers. 
Baltimore & Ohio. — See previous 
answers. 


Philadelphia & Reading. — No data 
available. 


Central of Georgia. — See answer to 
No. 168. 
Pennsylvania. — See Question No. 168. 


QUESTION 170. — Pay of necessary ope- 
1ators? 


Answers. 


Baltimore & Ohio. — Standard engi- 
neers’ rates of pay. Crew wages, oil 
electric, 51.3 cents per engine-mile on 
6 miles per hour basis. Crew wages 
for Plymouth gasoline locomotive 41.3 
cents per engine-mile on 6 miles per hour 
basis. 


Philadelphia & Reading. 


Motorman . $7.22 per day, 8 hours. 
Motor attendant. 5.68 — = 
Conductor Teo — 
Brakemen (2) 6.62 — -- 


Central of Georgia. — No special ope- 
rators. Engineer and ground crew paid 
standard wages. 


Pennsylvania. — Repairmen are paid 
mechanics’ or helpers’ rate, depending 
on the qualification of the individual. 

QUESTION 171, — Purchase cost? 

Answers. 


Baltimore & Ohio. — Cost of oil-elec- 
tric (300 H. P.), $61 522.66. 


Cost of Plymouth gasoline locomotive, © 


$9 185.86. 


Philadelphia & Reading. — No data 
available. 


Central of Georgia. — Purchase cost of 
steam switching locomotives used in 
yards varies from $11 940.00 to $18 015.95 
being purchased in 1902, 1903, 1904 and 
1905. We have no other method of 
moving cars. 


Pennsylvania. — $15 000.00. 


QUESTION 172. —- Time of depreciation. 
Answers. 


Baltimore & Ohio. — Standard. 


Philadelphia & Reading. — No data 
available. : 


Central of Georgia. — Time of depre- 
ciation varies for 20 to 24 years. 
Pennsylvania. — 36 years at 2 1/2 % 
per annum. 
QUESTION 173. — Cost of installation for 
storing of apparatus and equipments? 
Answers. 


Nothing to report. 
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REPORT No. 4 

(America) 
} ON THE QUESTION OF LOCOMOTIVES OF NEW TYPES. IN PARTICULAR 
_ TURBINE LOCOMOTIVES AND INTERNAL COMBUSTION MOTOR LOCO- 


MOTIVES 


(SUBJECT V FOR DISCUSSION AT THE ELEVENTH SESSION 


OF THE INTERNATIONAL RAILWAY CONGRESS ASSOCIATION) (*). 
By A. LIPETZ, 


Consulting Engineer, American Locomotive Co,, Schenectady, N. Y. 
Non-resident Professor, Purdue University, Lafayette, Indiana. 


ligs. | to 21, pp. S69 and 895. 


I. — Internal combustion 
locomotives. 


A. — Introduction. 


The internal combustion locomotive 
made its first appearance on the Ameri- 
ean Continent when a small one-cylinder 
gasoline locomotive of the 0-4-0 type was 
built in the United States some twenty 
five years ago. Since then, a number of 
gasoline locomotives have been built, 
mainly for factories, machine works, etc. 
Some of them have-been used on railroads 
for light switching work, short hauls on 
suburban lines and similar service. Very 
little information can be secured on the 
performance of these locomotives. Some 
data are given in Appendix I. 

The modern internal combustion loco- 
motive in America dates from the time of 
the first Diesel locomotive. 
~Warious designs had been made prior to 


-the World War, but the first two Diesel 


locomotives in the world were built by 


‘the General Electric Company in 1917 


and 1918. ‘They had 200-B. H. P. Diesel 
engines and were used in their shop 
yards; one’ of themis still in  opera- 


(1) This question Yuns as ‘follows : « Loco- 
motives of new types; ‘in particular, ‘turbine 
locomotives and. internal combustion motor 


locomotives. Construction, efficiency, use: and 
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tion at the General Electric works in 
A ‘railroad locomotive with a 
300-B. H. P. Ingersoll-Rand oil engine 
was later developed, and was placed in 
service at the end of 1923. The locomo- 
tive became the prototype of the sixty-ton 
oil-electric locomotives, which have been 
built in large numbers since 1923 jointly 
by the General Electric, American Loe- 
motive and Ingersoll-Rand Companies (*). 
Larger locomotives with two 300-B H. P. 
oil-engines of the same type, the so-called 
hundred-ton oil-electric locomotives, fol- 
lowed and since then locomotives with 
one and two oil-engines of 750 to 41 330- 
B..H. P. per engine unit, and 750 to 
2600 B. H. P. per locomotive, have been 
placed in service (1) (?). 

At present Diesel-locomotives seem to 
be in use on the American Continent 
only in the United States and Canada (*). 


(1) Particulars about the development of the 
Diesel locomotive can be found in «The Present- 
Status of the Oil-Engine Locomotive » present- 
ed by the author of this report before the 1927 
annual meeting of the American Railway Asso- 
ciation, Mechanical Division. (See Proceedings 
of the A.R.A., Mech. Div., 1927). zy 

(2) The horse-power of the oil-engines’ and 
locomotives in: this report is given in_accord- 
ance with the engine builders’ ratings. So far 
no uniformity in rating has been: establishéd, 
although attempts to introduce ~standard 


methods of rating have already been made. 
s<. (8) Only recently 


(December 1929). the 
Yeporter. received information : about, several 


lccomotives in Argentine (see Appendix F£).:,, 
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A questionnaire was sent out to the prin- 
cipal railroads of North and South Ame- 
rican countries - to all participants of 
the International Railway Congress Asso- 
ciation, as well as to non-participating 
roads which, according to the technical 
press, had had Diesel locomotives in ope- 
ration. Very complete replies have been 
received from all railroads which operate 
locomotives of this type, and it gives the 


I. (+) withone 300B. H. P. (?) 
Il. a WOm ou —— 
Til. =~ one O00. = 
Tvs == one a0) = 
Ve two 900 
Vis one tee 
VIL. =—one 900 
VIII. =="twot ode) 


The general dimensions and principal 
characteristics of the locomotives are 
given in table I. Table II shows the 
distribution of locomotives among va- 
rious railroads and industrial firms. 
Some general remarks will probably be 
of interest. 

Only locomotives of types I and II have 
been built in any considerable numbers. 
All other types (III-VIII) seem to be 
experimental locomotives built in quan- 
tities seldom over one; some of them 
were placed in service only during the 
year of 1929 (VI-VIII). On the other 
hand, locomotives IV and V, which have 
been doing work since 1928, are making 
good progress, and orders for several 


(1) This numeration is introduced for the 
use in this report only and does not represent 
classification of locomotives on respective rail- 
roads. 

(2) These figures represent the output of 
the oil-engines at their crank shafts. 


author extreme pleasure to express here 
his profoundest thanks to the railroad | 
officials whose comprehensive and labo- 
rious replies enabled him to compile the 
present report. 


B. — General information. 


Diesel-locomotives in use on the North 
American Continent on 1 July 1929, be- 
long to the following types : 


Ingersoll-Rand engine. 

Ingersoll-Rand engines (600 B. H. P. 
total). 

McIntosh & Seymour engine. 

Ingersoll-Rand engine with a large sto- 
rage battery for traction. 

Beardmore-Westinghouse engines (600 B. 
H. P. total). 

Ingersoll-Rand engine. 

McIntosh & Seymour engine. 

Beardmore engines (2 660 B. H. P. total). 


more of each type have been recently pla- 
ced, or are in contemplation (1). They 
will probably soon join the locomotives 
of types I and II. 

All locomotives have electric transmris- 
sion. Hydraulic, pneumatic (air), or 
steam transmission has never been tried 
in America, although all of the trans- 
missions were thoroughly studied (?) and 
the Esslingen - M.A.N. locomotive for the 
German State Railways - and the Cris- 
tiani locomotiverbuilt by Kraus in Linz, 
Austria, are being carefully watched. The 
mechanical gear transmission with ma- 
gnetic friction clutches and main hy- 
draulic clutch has been employed in a 


(4) Since 1 July 1929, up to the present 
time (January 1930) orders amounting to 
44 locomotives of type IV have been placed by 
several railroads for switching terminal and 
street track service in cities. 

(2) Mechanical Engineering, Vol. 48, 1926, 
pp. 797 and 929. 
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41400-B. H. P. 48-4 locomotive built by 
Fr. Krupp of Essen, Germany, for the 
Boston & Maine Railroad, and is now 
being tested at the maker’s plant in Essen. 

The first two types (I-II) seem to have 
firmly established themselves in switch- 
ing service in railroad yards and indus- 
trial plants. The road types have not yet 
gone beyond the experimental stage. 
This may have happened chronologically, 
the present period marked the end of the 
development of the switching locomotive 
and the beginning of the progress of the 
road locomotive. It is characteristic of 
the development of the Diesel locomotive 
in America that, contrary to the practice 
of some European countries, the problem 
of the switching locomotive was tackled 
first. This seems to be only logical, as 
the fuel economy, in view of the elimina- 
tion of stand-by losses in steam locomo- 
tives, is more pronounced in switching 
than in road service, and because the oil- 
electric locomotive meets better the requi- 
rements of city authorities as to smoke- 
less exhaust from switching engines with- 
in city limits than the steam engine. 
The application of the oil-electric locomo- 
tive to switching service may have also 
contributed to the preponderance of elec- 
tric transmission, because the sharp cur- 
yes in switching yards called for the use 
of trucks to which power is more easily 
_ transmitted by electrical than by mecha- 
nical, hydraulic or other means. 

A brief description of each of the enu- 
merated types is given below. For more 
complete information the reader is refer- 
- red to the footnotes given at the end of 
each description. 


C. — Description of locomotives. 


Type I. — This is the well-known 60- 
ton oil-eleetric: locomotive, because the 
first units which were built with compa- 
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ratively light motors, without blowers for 
cooling them, and without fans for the 
radiators (water coolers), weighed about 
60 short tons. The weight of the latest 
locomotives of this type is between 64 and 
70 tons (+), depending upon the type of 
motors used. The prime mover is a six- 
cylinder, four-cycle, single-acting oil- 
engine working on the dual (constant- 
volume and constant-pressure) cycle, 
with airless (mechanical) injection, built 
by the Ingersoll-Rand Company. The 
engine develops 300 B. H. P. at 550 revo- 
lutions per minute and weighs a little 
over 19000 lb., including base between 
crank shaft and locomotive frame. The 
engine is made of ordinary material - cast 
iron and forged steel. If made with 
aluminum base and covers, the weight 
could be reduced to 18000 tb., or 60 tb. 
per 1 B. H. P. The cylinder sizes are 
10 inches bore by 412 inches stroke, the 
piston speed being 1100 f. p. m. One 
oil fuel pump with a single plunger serves 
all six cylinders through a properly timed 
six-feed rotary distributor of a special 
design. Each cylinder has a separate 
combustion chamber with two opposed 
spray nozzles, the combustion chamber 
being connected with the cylinder by a 
narrow neck for creating turbulence and 
proper combustion, this construction 
following the Price-Rathbun system, as 
shown diagramatically on figure 1. The 
valves and spray nozzles are placed in the 
head, whereas the neck is formed in an 
intermediate part which is placed between 
the cylinder and cylinder head. The 
fuel consumption per one B. H. P. hour 
is about 0.45 Ib. of oil with heat value of 
18500 B. T. U. per lb. 


(1) The ton in this report is the American 
short ton of 2000 Ib. and equals 0.9072 metric 
ton and 0.893 English long ton. 


Type. — Serial number . ; I. ts IIL. | 
Gauge , Standard (1). Standard (1). Standard (1). | 
\ ALCo. ALCo (2) Brill, (3) 
Builders F G. E. (6) G. E. (6) McI-S. (9) 
omeaacle Thy id LR. (8) G.H (8) 
Wheel arrangement B-B. B-B. B-B. 
Weight-total, lb. 140 000 220 000 152 000 
Weight on drivers, lb. 140 060 220 000 152000 | 
Length, inside of knuckles 34 ft. 6 in. 4] ‘feet. 39 ft. 6 in| 
Total wheelbase 23 ft. 6 in. 28 ft. 6 in. 28 feet. 
Rigid wheelbase 7 ft. 6 in. 8 feet. 7 ft. 6 ina 
Cabs per locomotive . al 1 1 
Length over cab . ; 27 feet 34 feet. 33 feet. 
Diameter of drivers, inches . : 38 40 36 
Diameter of idling wheels, inches br Ae we 
Oil engines per locomotive . 1 2 1 
Type of engine, cycle 4-stroke. 4-stroke. 4-stroke. 
Type of engine, injection Mechan. (11) Mechan. (11) Air: 
Numpbex.of cylinders per engine . 6 6 12 
Size of cylinders, inches . 10x 12 10X12 8x9 1/2 
Speed, revolutions per minute . 550 550 550. 
Rating per engine, B.H. P. 300 300 300 
Rating of locomotive . 300 600 300 
. H, (18 G, E, (18 oe 
Generator, type Sree pee Dt-562 
Number of generators per locomotive . 1 2 1 | 
Rating of generators, kw. 200 200 200 | 
Amperes (continuous) 400 400 400 | 
Motors per locomotive 4 4 4 | 
Motors, type Se G. E.-297 (14) G. E.-287 (14) HM-840 7) 
Continuous rating, amperes 285 540 rs 
Hourly rating, amperes... See Ha 665 165 
System of ventilation of motor Forced. Forced. S. V. (15) 
Electric control si, TismAve (ATE L, A. (17) L. A. (17) 
Method xof starting. Aen aoe se) eG BE. B. (20) E. B. (20) E. B. (20) 
Capacity of starting battery, ampere-hours . 100 100 204 
Location of cooling radiator O. R. (21) O. R. (21) 1. C. (22) 
Ventilation of cooling radiator . F. B. (23)  F.B. (23) “F.B. (28) 
Tractive effort, adh. Ib. (24) 35 000 55 000 38 000 
— — hourly, tb. (25) . 21 600 33 000 16 000 
— — continuous (25) . 16 800 24 500 aaa , 
; rf 
(1) Standard = 4 ft. 8-1/2 in. — (2) American Locomotive Company. — (3) J. G. Brill Company. 
(4) Baldwin Locomotive Works. — (5) Canadian Locomotive Company. — (6) General Electric Company, — 
(7) Westinghouse Electric and Manufacturing Company. —- (8) Ingersoll-Rand Company. — (9) McIntosh 
and Seymour Corporation. — (10) Wm. Beardmore and Co., Ltd. — (11) Mechanical (solid injection). — 


(12) Continuous. — (18) Several locomotives are equipped with DT-515 generator with a continuous rating 


PV: 


ALCo (2) 
G. E. (8) 
1. R. (8) 
B-B. 
257 000 
257 000 
|| 46 ft. 8 in. 
lee@ ft. 1 in. 
8 ft. 3 in. 
1 
43 feet. 
44 
q 
| 4-stroke. 
| Mechan. (41) 
| 6 


10x12 
550 
- 300 
300 (12) 
G. BE. 
DT-502 
1 
200 
400 
| 4 
-G. EB. 286 
460 
575 
Forced. 
|| ZL, A. (17) 
;E. B. (20) 
| O.R. (21) 
FB, (23) 
64250 
36 000. 
26 400 


Standard (1). 


| American Railroads on the ist of July 1929. 


Ne 
Standard (1). 


Bald, (4) 
West. (7) 


B-B 
174 000 


174 000 
46 ft. 10 in. 


32 ft. 11/8 in. 


9 ft. 6: am, 
2 
20 feet. 
38 
2 
4-stroke. 
Mechan, (1) 
6 
$ 1/412 
800 
300 
600 


308-H 
140 
300 

N. V. (16) 
T. C. (18) 
E. B, (20) 
544 
O. R. (21) 
F. B. (23) 

43 500 

19 500 
6 500 


Vise 
Standard(1). 


295 000 
175 000 
52 ft. 1 in. 


42 ft. 10 in. 


17 ft. 6 in. 
1 


46 ft. 51/2 in. 


44 
30 
1 
4-stroke. 
Mechan. (1) 
6 
14 3/416 
500 
750 
750 


G. E, 
DT-752 


1 
500 
1 600 
4 
G. E. 286 
400 
540 
Forced. 
R. C. (19) 
By air. 
135 
T. C. (22) 
F, B. (23) 
43 750 
32 800 
22 000° 


540 amperes at 120° C. rise. — (14) Several locomotives were equi 

le service. — (15) Self-ventilated. — (16) Non-ventilated. — (17) Lemp 
(18). Resistance control. — (20) Electrically from a storage battery. — (21) On the roof. — (22) Inside 

cab, — (23) Forced, by air from blowers. — (24) Corresponding to a coefficient of adhesion of 0.25 (factor 

adhesion 4). — (25) For motors as given above (see 14). 


VII. 


Standard (1). 


ALCo (2) 
G. E. (6) 
MelI-S. (9) 
2-D-2 
361 500 
185 000 
59 ft. 4 in. 
49 ft. 4 in. 
18 ft. 6 in. 


44. 
30 
# 
4-stroke. 

Air. 

12 

14x18 

310 
900 
900 


G. E. 
DT-751 
al 
500 
1 400 
4 
G. E. 286 
360) 
540 
Forced. 
R. ©. (19) 
By air. 
150 
I. C. (22) 
F. B. (23) 
46 300 
25 600 
14 000 


VIUI. 


Standard (1). 
Can. Loco. (5) 
Beardmore (10) 

West (7) 
2-D-1++1-D-2 
650_000 
480 000 

94 ft. 1 in. 
' 84 feet. 

17 ft, 1 in. 
2 
47 ft..1/2 in. 
51 
34-1/4 
2 
4-stroke. 
Mechan. (11) 
12 
1212 
800 
1 330 
2 660 
West. 
478 
2 
1170 
1 300 
8 
W-359 
625 
900 
Foreed. 
T. C. (18) 
E. B. (20) 
680 
O. R. (21) 
F. B. (23) 
120 000 
58 000 
42 000 


with other motors, depending upon 


-automatic. — (18) Torque control. 
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The oil engine is started either by air 
from air bottles which are charged by a 
small compressor built in the engine, or 
electrically from a 100 ampere-hour sto- 
rage battery which permits turning the 
generator for several revolutions as a 
motor, from standstill to the firing speed 
of the oil-engine. The electric method of 
starting has been used on all latest loco- 
motives, and the small compressor built 
in the first engine has been dispensed 
with, as well as the auxiliary emergency 
compressor driven by a gasoline engine 
usually provided for locomotives with 
engines started by air. 

The generator is a 200-kw., 600-volt, 
compound wound, six-pole, direct current 
dynamo, directly fastened to the oil-en- 
gine frame (Fig.2). The armature shaft 
is connected to the oil-engine crank shaft 
by a flexible coupling without any inter- 
mediate bearing. There is only one bear- 
ing in the overhang outside end. Two 
lugs, one on each side of the generator 
frame, permit the generator to bear 
against the locomotive frame, the connec- 
tion consisting of only a bolt and a spring 
with a concentric vertical axis. 

There are in the locomotive four geared 
motors, one for each axle, mounted on 
two trucks. They are the known General 
Electric traction motors of the series- 
wound, totally enclosed, commutating- 
pole, split frame type. The rating of 
the motors is different, depending upon 
the service which they are to perform - 
whether low-speed heavy-dragging, or 
higher-speed pulling and pushing. The 
motors are arranged in. two pairs, which 
are permanently connected in multiple, 
and these pairs can be coupled in series 
usually for speeds below 4 miles per 
hour, or in parallel for speeds above 
4 miles per hour. The rail tractive 
effort of this locomotive (at the rims of 
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the wheels) plotted against speed is given 
in figure 3. In the majority of cases the 
motors are cooled by motor-driven blo- 
wers. The motor ratings are given in 
table I. t 
The electric control is of the automatic 
Lemp..type universally used on motor 
locomotives, rail cars and buses with Ge- 
neral Electric equipment. The generator 
is energized through a separately excited 
field from an exciter (fig. 4), which in 
turn is energized front a storage battery. 
The current from the main generator 
passes through a differential series field, 
in addition to the commutating field, and 
then goes to the load — the series motors 
of the locomotive, air compressor, etc. 
When the throttle, manually controlling 
the oil admission to the engine is opened, 
it first establishes a contact for the sto- 
rage battery circuit, thus energizing the 
exciter. At subsequent positions of the 
throttle handle the speed of the oil engine 
goes up and the torque of the engine at 
any definite position of the throttle 
handle is determined. If the load is less 
than the output of the generator, the 
flow of current through the differential 
series field drops and the energizing of 
the generator field goes up, resulting in 
higher voltage of the generator corres- 
ponding with the higher speed of the 
motors. Thus the speed of the motors 
automatically stabilizes in accordance 
with the load, drawing substantially con- 
stant energy corresponding to the output 
of the oil-engine. No rheostats are used 
in the power circuit for speed control. 
The position of the throttle handle, which 
is the only operating handle, determines 
the power of the oil-engine and of the ~ 
electric generator, which is then resolved 
automatically into torque and speed to 
suit the conditions of the load. The re- 
versal is obtained by reversing the pola- 


Spced- tractive effort cl.ara: teristic of 200 H. P. 
otl-electriv locomotive. 
Equipment : 
1—s00-H. P. Ingersoll Rand oil engine. 
1— DT-515 generator 
4— GE-297 motors, forced ventilated, 
62/14 gearing, 3%-inch wheels. 
Allowance made for auxiliaries. 
General Electric Company. 
A. J, Woodward (Ff. H. B.). 
ld August 1928, 
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rity of the motor fields by the controller 
handle (*). 

The locomotive frame is of the built-up 
type, made of structural steel, and carries 
an enclosed, riveted all over, rectangular 
cab of the usual electric locomotive type. 
The locomotive is supported by two swi- 
vel trucks of the pedestal type, each car- 
rying four solid rolled steel driving 
wheels (without separate tires) of 36 in- 
ches or 38 inches in diameter, depending 
upon the size of the motors and clearance 
diagram of the particular railroad. 

The cab has two control compartments, 
one at each end, making the use of turn- 
tables unnecessary. The control compart- 
ment is equipped with handles, gauges, 
thermometers, etc. The large middle 
compartment contains the power plant and 
all auxiliaries of the locomotive. The 
middle part of the roof is removable to 
permit the lifting of the engine with 
generator from the cab for repairs. 

The water and lubricating oil cooler 
(radiator) is of the fin-tube type (cir- 
cular copper tube with outside spiral 
fins) and is located on one end of the 
roof and equipped with two motor-driven 
fans which suck the air from the sides 
and discharge it through the top. The 
early locomotives of this type had no fans, 
the cooling depending only on natural 
cireulation of air while the locomotive 
was in motion. The water circulating 
pump is attached to the oil-engine; and 
so is the lubricating pump which pro- 
vides the force feed lubrication for the 
oil engine. 


Air for air brakes is delivered by a. 


(1) « Electric Transmission for Internal 
Combustion Engines », by Herman Lemp, 
Mechanical Engineering, No. 3, March, 1926, 

. 207; also « Die Steuerung Dieselelektrischer 

komotiven », by Stiberkriib, Zeitschrift des 

Vereines Deutscher Ingenieure, 28 April, 1928, 
p. 560. 


motor-driven air compressor. Some of 
the earliest locomotives had compressors 
with a capacity of 100 cubic feet of free 
air per minute, but the capacity of the 
latest units is only 50 cubic feet of free 
air compressed to 90-140 lb. per square — 
inch. Four 40-inch by 8-inch brake cy- 
linders are provided on the more recent 
locomotives — two per each truck; the 
earliest locomotives had only one 16-inch 
by 12-inch cylinder bolted to the loco- 
motive frame. _ 

For heating each control compartment 
is equipped with radiators connected to 
a small coal burning water heater. The 
circulating system in the latest locomo- 
tives is so arranged that it can be heated 
from the oil-engine when it is running. 
In addition the heater can keep the en- 
gine jacket water from freezing when 
the engine is not running. In this case 
the radiators are empty, the water having 
been drained into the water tank placed 
in the cab above the engine. 

All other auxiliaries, like sanders, head- 
lights, lamps, signals, tools, etc., are of 
usual type. 

Figure 5 shows one of the latest loco- 
motives of this type and figure 6 gives 
diagramatically the location of apparatus 
inside the cab (+). The locomotive can 
pass curves with a minimum radius of 
50 feet when alone and 90 feet with a 
train. 

One locomotive,of type I built for the 
Hoboken Railroad and Terminal Com- 
pany has a one-piece cast steel frame ma- 
nufactured by the Commonwealth Steel 
Company of Granite City, Il. The oil 
engine and generator are bolted to the 
steel frame separately; the generator is 
thus of the conventional design, but with 


(1) « New 60-Ton Oil-Electrie Locomotive >, 
Oil Engine Power, September, 1925, pp. 510-614. 


American Locomotive Company, 
New-York. 
Class. 404 - OB - 4 


a4. 


READING COMPANY 


51 


Ingersoll Rand Company, 


New-York. 
Built fur the Reading Company. 


General Electric Company, 
Schenectady, N.-Y. 
Road number 51. 


Motors 


Weight in pounds, 1- 30U H. P. oil engine | 
working order 
. | H s é ) x Gauge of track 
Total | Driving wheels Cylinders Diam. | Stioke | Type | Number | Gear ratio Suspension 
5 . | 
434 000 | 134 000 6. | 40” | 12” | HM-840-G | 4 5 86 | Spring, Nose} —4’-8 4/2” 
Capacity Wheel base 
Ey ae Driving Rigid | Total 
ractine effort, pounds | Speed, miles | 1 - 
| = AP 24-2” T-2” | 24-9” 
36.000 Starting : Z 
: a Wheel diameter | Ax'es 
45 000 4.5 4 hour rating t 
Drivi Lead ng | oe 
2 7 900 10 Continu us oes : . 
: Jouri ul | Center 
\ . speec s = poe a j = ; 
§ 30 Max. speed 38 | a" KY l 5 4/2 


874 
V-96 


ouly one bearing at the extreme end, 
designated by the General Electric Com- 
pany as DT-545. The rating is the same 
as that of DT-502. A coupling with 
axial flexibility is used between the oil- 
engine and generator, as on all other loco- 
motives of this type. 


Type II. — This is the 100-ton oil-elec- 
tric locomotive, the weight of which is 
between 104 and 110 short tons, depend- 
ing upon the type of motors used. These 
locomotives are equipped each with two 
300-B. H. P. engines and two 200-kw. ge- 
nerators of the same hung-on type as the 
locomotive just described; they have been 
built jointly by the same three compa- 
nies except two locomotives up. to July 
1929 built by the General Electric and 
Ingersoll-Rand Companies.- Figure 7 
shows the arrangement of. the engines 
and apparatus in the cab of the double- 
engined locomotive, both in sectional ele- 
vation and in plan view. Each generator 
is directly bolted to the corresponding 
oil-engine, and the two units are stag- 
gered in order to provide a better passage 
in the cab and uniform distribution of 
weight. 

The motors are four in number, as in 
the 300-H. P. locomotive, but differ in 
size. They are also direct current trac- 


tion motors manufactured by.the General 
Electric Company, and are likewise of the - 


series-wound, commutating pole split- 
frame and nose-suspended type. The ra- 
tings of the motors and the principal 
dimensions of the locomotive are given in 
table I. The speed control is of the 
same automatic Lemp type described 
above. Similarly tothe :type I locomo- 


tive, there’are two handles — one is the » 
. > throttle lever, which controls the output . 
~ of the: engines; and -the~otheris the<== 


master controller handle which connects 


the motors either in series or in parallel, 
or in parallel with shunted fields, both 
for forward and backward movements. 
The tractive effort curve is given in fi- 
gure 8. The motor gear ratio is 4.25 and 
allowance is made for power absorbed 
by auxiliaries. The locomotive can pass 
curves with a minimum radius of 75 feet 
when alone and of 100 feet with a train. 

The design of the frame, cab, trucks 
and auxiliaries is the same as that of cor- 
responding parts in the locomotive of the 
preceding type; the dimensions are, of 
course, larger in view of the greater po- 
wer of the locomotive. There are two 
cooling radiators on the roof instead of 


one; the air compressor is approximately 
“of double capacity — on some locomo- 
“tives two motor-driven: air. compressors 


are provided, each of a capacity of 80 cu- 
bic feet of free air perm. Four 42-inch 
by 40-inch brake cylinders are used per 
locomotive. In earlier engines there was 


one 18-inch by 12-inch cylinder bolted 


to the locomotive frame (*).° 


In three locomotives — on the Long 
Island Railroad, Hoboken Railroad and — 


Terminal Company, and the Illinois Cen- 


tral Railroad — the frame is a one-piece 


solid steel casting of the same type and 
manufactured by the same Company as in 
the type I locomotive for the second of 


the-three--Railroads referred. to. above... - 


The generator is likewise bolted to the 
frame separately, and is. designated as 
DT-515, except inthe Long Island loco- 


motive, which has a slightly different ge- 
_herator — DT-512. The ratings in all 


cases are the same. 
Type III. — This is‘also a 300-B. H. P. 


& 


loconidtive, differing from type I mainly _ 


in .the oilengine. It has twelve cylin- 


1926, pp. 92-95. 
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(1) Railway Mechanical Engineer, Febraaty, 
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ders arranged in a V (fig. 9) and is of | design manufactured by the McIntosh & 
the four-cycle, single-acting, air-injection Seymour Corporation of Auburn, New 
type of the known Swedish « Polar » York. The engine develops 300 B. H. P. 
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at 550 revolutions per minute and weighs, nary material (cast iron and carbon 
with fly wheel and sub-base, about . steel), except base and frame, which are 
21.000 Ib. The engine is made of ordi- cast of semi-steel with light sections. 
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Speed-tractive effort characteristic 
cf 600-H. P. oil-electric locomc tive. 


Equipment : 


2 —300-H. P. Ingersoll Rand oil engines. 

2— DT-515 generators. 

4 — GE-287 motors, forced ventilated, 
68/16 gearing, 40 inch wheels. 

Allowauce made for auxiliaries, 


General |lectric Company. 
A.J. Woodward (F. H.B.). 
18 October 192s. 


One hour rating-33,000}b. 
m |Tractive Effort: 4.5 M.P.H 


Bee HH 

ye IS EE els) 

No T [Continuous Rating- 24,5001] _ 
Tractive Effort 6.3M.P.H. |] | 


7 ety 


Miles per Hour 
Fig. 8. 


The twelve cylinders have 8 inches bore 
and 9 1/2 inches stroke; the piston speed 
is thus only 870 feet per minute. The 
shaft has six cranks, two connecting rods 
of each pair of cylinders acting on one 
pin of double length. The three-stage 
air compressor, with inter-stage coolers, 
which provides injection air, is mounted 
on one end of the engine; its piston is 
of the stepped trunk type. The fuel 
consumption per one B. H. P. hour is 


about 0.48 lb. of oil with heat value of 


19500 B. T. U. per lb. The idling speed 


of the engine, which is about 300 r. p. m., 
is controlled by a solenoid idling gover- 
nor cut in when the throttle handle is in 
the idling position; the solenoid is ac- 
tuated by the exciter current, and as the 
speed of the engine, and consequently, 
of the exciter, goes up or down, the sole- 
noid acts accordingly on the eccentric of 
the fuel pump. At other positions of the 
handle the solenoid is cut out and the 
speed is obtained by the mechanical 
action of the handle on the eccentric of 
the fuel pump, which varies the effective 


length of the pump stroke. The maxi- 
mum speed is slightly over 600 r. p. m. 
and is controlled by an overspeed centri- 
fugal governor. The water circulating 
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pump, the lubricating oil pump and the 

air brake compressor are built in the 

engine. 
The generator is a 195-kw., 700-volt, 
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- d90-r. p. m. compound wound, six-pole, 
direct current dynamo, coupled to the 
oil-engine and bolted separately to a 
common oil-engine sub-base. The arma- 
ture shaft is connected to the oil-engine 
crank shaft by a coupling with torsional 
flexibility; there is only one outside bear- 
ing for the armature shaft, with no bear- 
ing between generator and oil-engine. 
The generator is used as a motor for 
starting the engine by connecting it di- 
rectly to a 128-volt storage battery, auto- 
matically recharged from the exciter at 
speeds over a certain limit. 

The motors are of the General Electric 
series-wound, commutating-pole, nose- 
suspended, traction type, four in number, 
each geared with a ratio of 41:7 toa 
driving axle of two two-axle trucks. The 
rating of the motors is given in table I. 
The motors can be connected in series, 
in parallel, or in parallel with shunted 
fields. The electric control is of the 
Lemp automatic type, the same as on the 
‘two preceding types. The reversal and 
the proper connections are obtained 
from a master controller with three for- 
ward, three backward and one neutral po- 
sition. 

Jn addition, there is a starting con- 
troller with a handle and five notches —- 
one « off » position and four active 
points. In the « off » position the fuel 
and air valves are closed and the engine 
is stopped; the first active notch con- 
nects the battery to the generator and 
turns the engine; the following two not- 
ches actuate two electro-pneumatic pis- 
tons, of which one opens the injection 
air connection to the engine and the other 
starts the fuel pump. The fourth notch 
is the running position at which the bat- 
tery is disconnected, but the air and fuel 
connections remain open. At this posi- 
tion the engine can run either idle, or at 


variable speed and power, and the loco- 
motive can be either at standstill or doing 
work, forward or backward, depending 
upon the positions of the master con- 
troller and throttle. If the starting con- 
troller handle is brought into the « off » 
position, everything stops. 

The locomotive frame is of the built- 
up type made of structural steel and car- 
ries a riveted rectangular cab. The loco- 
motive is supported by two swivel trucks 
of the pedesial type, each carrying four 
solid rolled steel driving wheels of 36 in- 
ches diameter. The locomotive can pass 
curves with a minimum radius of 90 feet. 
Similar to other locomotives, the cab has 
three compartments; the two end com- 
partments are reserved for control and 
operation, whereas the middle compart- 
ment contains the power plant and auxi- 
liaries, including radiators of 41/2 inch 
copper tubes with fins for cooling the 
circulating water of the oil engine. The 
radiators are equipped with two 5-H. P. 
motor driven fans. The locomotive is 
also provided with a coal burning. hot 
water heater (1). 

Figure 10 shows the outside view of 
the locomotive, while figure 11 gives the 
tractive effort curve. 


Type IV. — This is a combination of 
an oil-electrie locomotive with a storage 
battery locomotive and the addition of 
overhead and third rail connections. 
While the power plant has a capacity of 
only 300 H. P., the locomotive can deve- 
lop on internal power 720 H. P. for an 
hour, and up to 1000 H. P. for a short 
time, at starting and accelerating. On 
external power (through overhead or 
third rail connection on electrified tracks) 


(1) _« ‘Diesel-electrie switching », Bulle- 
tin 112, December 1927, McIntosh & Seymour 
Corporation, Auburn, N. Y. 
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Fig. 10. 


the motors are able to deliver 41 600 H. P. 
for one hour. With the oil engine 
charging the battery the locomotive can 
be operated up to 300 H. P. indefinitely, 
of course, within the lifetime of the bat- 
tery. The locomotive has further the 
advantage that with the oil-engine shut 
down it can work in buildings, terminals, 
or any place where smoke is objectio- 
nable. The locomotive has actually been 
doing switching work in the West Side 
yards of New York, within the city boun- 
daries of lower Manhattan. 

The oil engine is the same 300 B. H. P. 
Ingersoll-Rand engine ag used in the 
above described types I and Hl. The 
engine differs only in that it has a con- 
stant speed governor, the engine thus 
always running at its normal speed, ap- 
proximately at 550 r. p. m., which gives 
the lowest fuel consumption. 

The generator (DT-502) is, with res- 
pect to size, design and type, the same as 
in the majority of type I and II locomo- 


tives (fig. 2). The traction motors, 
though, are different — more powerful 
than the motors of type I locomotives 
and are known as GE-286; they are 600- 
volt, series-wound, commutating-pole, 
air ventilated machines, geared with a 
ratio of 72 : 17 to four driving axles. The 
same motors are used on many switching 
locomotives of the New York Central Rail- 
road. Their output rating at 600 volts is 
about 400 H.P. for one hour, and 280 H.P. 
for continuous service. Their rating in 
amperes is given in table I for a tempera- 
ture rise not over 120° C. (248° F). 


The generator delivers power to the 
traction motors and to the storage bat- 
tery at the same time without overloading 
the engine, and returns automatically to 
charging the battery as soon as the load 
decreases. The electric control is not 
automatic; it has resistance steps for 
accelerating the locomotive both with 
internal and external power operation. 
The motors can be connected all four in 
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series, or in series parallel, or in parallel. 
Figure 12 gives the corresponding trac- 
tive efforts. 

The storage battery consists of 248 
cells and has at six-hour rating a 680 
ampere-hour, and a 294 kw.-hour capa- 
city. An ampere-hour meter indicates 
the state of charge, and an integrating 
ampere-hour meter shows on one dial the 
total ampere-hours of discharge, and on 
another dial the total ampere-hours of 
charge. 

The frame is a one-piece Common- 
wealth steel casting; the truck frames 
are also of the one-piece Commonwealth 
type cast integral with the transom and 
pedestals. The transom of each truck 
frame is a hollow box casting which serves 
as a duct for air used for the ventilation 
of two motors. The wheels are solid 
rolled steel wheels of 44 inches diameter; 
the cab is riveted to the frame. The sto- 
rage batteries are arranged in three tiers. 
The central section of the cab contains the 
power plant. the control and the usual 
auxiliaries. There are two operating 
compartments at each end of the loco- 
motive. 

Fan blown fin-tube radiators are loca- 
ted on the roof in the usual manner. A 
100-cubie foot air compressor provides 
air for the brakes. Four brake cylinders 
of 12 inches by 10 inches are mounted on 
the two trucks (7). 

Figure 13 gives a view of the locomo- 
tive. It was built in Schenectady Shops 
by the American Locomotive Company in 
conjonction with the General Electric 
Company, the Ingersoll-Rand Company, 
and the Electrie Storage Battery Company. 


(1) Railway Age, 3 March, 1928, pp. 525-527, 
and Oil Engine Power, March, 1928, pp. 16d- 
167. 


Type V. — This is a 600-H. P. switch 
ing locomotive comparable in power to 
type II but differing in other respects : 
it has two cabs, each with its own power 
plant, motors, control and auxiliaries, and) 
actually represents two separate units of 
the 0-4-0 type coupled by means of a 
drawhar; if the latter be replaced by two 
American couplers of the usual type, the 
two 300-H. P. units could be operated 
independently. Further, the oil engines 
are of a special light-weight, high speed 
design (Beardmore type); the weight of 
ihe high speed generators is correspond- 
ingly lower and the traction motors, not 
being of the heavy-drag-type, are lighter. 
As a result, the total weight of the loco- 
motive is only 87 tons, as compared with 
104-110 tons of type II. Rated tractive 
efforts (hourly and continuous) and 
other particulars are given in table I. 

The locomotive was built for the Long 
Island Railroad by the Baldwin Locomo- 
tive Works and Westinghouse Electric 
and Manufacturing Company. The prime 
mover is a Westinghouse-Beardmore six- 
cylinder, four-stroke, single-acting, air- 
less-injection, variable-speed engine, d2- 
veloping 300 B. H. P. at 800 r. p. m. 
Its idling speed is 300 r. p. m. and the 
working range is from 300 to 800 r..p. m. 
By the use of special material, such as 
cast steel and aluminium, a very light 
engine was obtained, weighing only 
7000 lb., including fly wheel, or 23.3 lb., 
per H. P. There is one oil-engine in 
each of the two cabs. 

The generator is a direct-current, 210- 
kw., _750-volt, dynamo (Westinghouse 
type 477), with one outside bearing. The 
generator is directly bolted to the engine 
fly wheel. The exciter is a 5.3-kw., 64- 
volt, auxiliary generator; it furnishes 
power for the air compressor and charges 
the battery when the main generator is 


eet 


‘spanod ul 4soye eAjoer], 


Miles per hour. 


“lee 


Fi. 


28 


O, 2:2 24° 26 


kimi 
XN | | 
PASS 


| 
| 
10 Igy 24,26 018 2 


38 


Miles per Hour 


Fig. 12 


i decal ail di Lal D 


*19}UEQ | “jetaMos ‘Surayg *(anoy ]) saojour F 
“Sug — “19] Ue IG ‘suney 61 6 “000 08 
Sa1XV s12ou A “SIOL0W sh § 000 09 _ 
Pe apes S| pe ERR ee Olt bad-aen mie Slo” eee a eee ee 


“tamod jeusejuy ‘al 
109 PAloRIy, 


‘ramod yeuseyxX 


————— ee 
*soy!W ur posdg 


-eSBq [eu 
sney “Aqoeder 


‘1@lb SF Yorsy Jo a 


12101, “psy *SulALIG 


us uS78 ub iE | “Veil “pag 10 


‘smoy-"-MY 76g ? Aytoedeg ‘PSP 2 eI Ivey en eG} 9 000 Lge |—S000 xge 
“peo UOdT Opixy “aSON ‘dunndg | ba | “Vv 98% WD "ayOS | “wRIg | *SIapuljAQ, *SIOATICG. | ‘R10 L 
*ST199 81 ‘uoysuedsng = | ‘on | “od A, augue To ‘gq ‘W-OOe—1 St st(été‘SY ‘repio Suryaom uy 
*Azeyyeq 03%40)9 *SdO}0T puey |loszesuy Spunod ur yy#1a jy 
"G2cy ‘Jequinu peoy ‘[odqued ytoX nant ayy 40f ying “LSG-AHO-FOF + ssetp 
"AN ‘Apeyooueyag ‘ed ‘erydjoperiyd OX men 


*Auedwog 911399;4 esauey “09 Asayeg ebeioyg 911}90;9 ey) ‘Kuedwog 9A1}0wW0907 uvoliowy 


Fig. 


supplying power to the motors. At idling 
speed these operations are performed by 
the main generator. Each oil-engine and 
the corresponding generator are support- 
ed by a common cast steel bed plate 
(fig. 14) bolted to the locomotive frame. 
The traction motors (two per each unit 
and four per locomotive) are of the total- 
ly enclosed Westhinghouse 308-H. type 
geared to each respective driving axle 
with a ratio of 4.125. With 38-inch 
wheels the tractive effort is as.shown on 
figure 415. 

The starting of the oil-engines is ob- 
tained from two 272 ampere-hour hatte- 
ries, there being one battery in each cab. 
A starting controller connects the main 
generator to the storage battery and acce- 
lerates the engine to firing speed. The 


14. 


oil-engine speed is controlled by a varia- 
ble speed governor in which a pneumatic 
piston is incorporated. The air pressure 
on the piston depends upon the opening 
of a reducing valve, thé setting of which 
is determined by the position of the 
handle of the master controller. An air 
line connecting the two locomotive units 
permits multiple operation of the two en- 
gines. Consequently, each position of the 
master controler handle causes the two 
engines to run at a certain speed. 

There is in addition an electro-magnetic 
torque governor which automatically 
maintains the generator voltage at such 
a value as to prevent the overloading and 
stalling of the engine. It also permits au- 
tomatic transition of the motor connec- 
tions in each unit from series to parallel. 
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The reverse movement of the locomotive 
is obtained from another handle of the 
master controller’s drum. 

The cooling of the water and lubrica- 
ting oil is obtained from radiators placed 
on the roof of each unit. Each radiator 
set is provided with two fans for ventila- 
tion driven from one motor. 

Figure 16 gives a general view of the 
locomotive (1). 

Type VI. — This is the first road Die- 
sel-locomotive on the American Conti- 


(1) Railway Age, 23 June, 1928, pp. 1451- 
1454, 
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nent. It was placed in freight service on 
the Putnam Division of the New York 
Central Railroad about the middle of 
1928 for handling trains of 500 to 550 
tons over approximately 2 % grades. The 
oil-engine was built by the Ingersoll- 
Rand Company, the electrical equipment 
by the General Electric Company, and the 
mechanical parts—cab, trucks and running 


gear, by the American Locomotive Com- . 


pany, which also designed the whole loco- 
motive and erected it in their Schenectady 
Shops. The locomotive is of the 2-D-2 
type with 175000 Ib. on drivers and 


| 
| 
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295 000 Ib. total weight. The maximum 
tractive effort is 52500 lb. (at 30 % 
adhesion) ; the tractive effort on the basis 
of one hour rating is 30600 Ib. and on 
continuous rating, 20 800 Ib. 

The oil-engine is a six-cylinder, 14 1/2- 
inch bore by 16-inch stroke, four-cyele, 
single-acting engine with mechanical in- 
jection, developing 750 B. H. P. at 500 r. 
p.m. The design is very similar to that 
of the 300-B. H. P. engine used on loco- 
motives types I and II. The fuel pump 


and the fuel distributor are in principle 
the same. The engine is started by com- 
pressed air from air reservoirs which are 
kept under full working pressure during 
operation by a small compressor geared to 
the engine. In addition, a small outfit is 
provided which consists of a hand-start- 
ing gasoline engine driving a compressor 
in order to refill the air reservoirs after 
shut-down periods. 

The idling speed of the engine is 240 
r, p.m.; the normal speed is 500 r. p. m.; 
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the maximum speed is 550 r. p.m. Be- 
tween the idling and the normal speed, 
five different speeds can be obtained at 
corresponding positions of the master 
controller handle which determines the 
necessary governor setting. This is ac- 
complished in the following way: the 
fulerum of a certain lever in the rigging 
between the governor spring and the fuel 
pump is dependent upon the position of 
one of a series of pneumatically operated 
little pistons, each controlled by a magnet 


valve. At each position of the controller 
handle one definite magnet valve actuates 
its piston and thus sets the necessary ten- 
sion on the governor spring corresponding 
to a certain speed. The amount of fuel 
delivered by the pump into the the cylin- 
ders per stroke is then controlled by the 
governor at that speed, depending upon 
the loads. This remote control of the 
governor and fuel pump makes possible 
the use of multiple-unit control of two or 
more locomotives. 
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The main generator is a 500-kw., 600- 
volt dynamo with eight main and eight 
commutating poles. The generator has 
a single bearing on the extreme end, si- 
milar to the 200-kw. dynamo of the loco- 
motive type I, but in differentiation from 
the latter the frame of the generator is 
rigidly bolted to the locomotive under- 
frame. The other end of the generator 
shaft is attached to the oil-engine crank 
shaft by means of a coupling with axial 
flexibility. The 250-volt exciter serves at 
the same time as a small generator for 
driving auxiliaries, 

Four 600-volt, series-wound,  single- 
geared, commutating pole traction motors 
(GE-286) drive independently four axles 


through a 72: 17 gear ratio. These mo- 
tors are the same as those used on the 
storage battery (type IV) locomotive and 
many other electric locomotives of the 
New York Central Railroad. Their nomi- 
nal rating is 310 H. P. at normal voltage. 
They are providéd with motor-driven 
blowers. The motors can be connected 
either in series-parallel, or parallel, or pa- 
rallel with reduced field. The correspond- 
ing tractive efforts and speeds are shown 
on fignre 17. 


The electric control is slightly modified . 


from that used in the 300-B. H. P. loco- 
motive, type I. The generator has, in ad- 
dition to the separately excited field and 
differential series field, a self-excited 
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shunt field which furnishes the principal 
energizing of the generator. The separa- 
tely excited field, which receives current 
from the auxiliary generator (exciter), is 
connected in series with a resistance pro- 
portioned for each controller step, so that 
the characteristics of the generator cor- 
respond to the required torque of the 
engine at each speed. Thus at each posi- 
tion of the controller, which determines 
a certain speed, simultaneously a setting 
of the field strength is established which 
is most desirable at that speed. 

The main frame is of the usual Amer- 
ican bar type with crossties, to which a 
cast steel underframe is bolted. The un- 
derframe supports the oil-engine, the ge- 
nerator, the cab and all auxiliaries. The 
spring rigging and equalization system 
have been made as flexible as possible; in 
addition, springs have been provided for 
lateral flexibility. The locomotive as a 
whole has a three-point suspension. The 
cab has two operating compartments at 
each end, and a central compartment 
which accommodates the power plant, and 
all of the auxiliaries, water and oil tanks, 
parts of the electric control, etc. The ra- 
diators (water coolers) are of the fin-tube 
type. Cooling air is sucked in through 
the sides of the cab by two horizontal 
motor-driven fans, forced through the ra- 
diators and discharged through the roof. 

Brakes are applied to all driving and 
truck wheels from four 10-inch by 10- 
inch and two 6-inch by 8-inch cylin- 
ders and are operated by compressed air 
from a motor-driven air compressor hay- 
ing a displacement of 100 cubic feet per 
minute. A motor-generator supplies a 
32-volt auxiliary circuit for lighting and 
electric control, as well as for charging 
a 32-volt, 135-ampere-hour storage bat- 
tery included in the same circuit; the 
kattery provides the lighting when the 


engine is not in operation. The air com- 
pressor, motor blowers, radiator fans and 
motor-generator set are supplied with 
power from the exciter, or auxiliary ge- 
nerator, as it was stated above. 

Figure 18 shows the outside view of 
locomotive (1). 


Type VII. — This is the first passenger 
and the second road Diesel locomotive on 
the American Continent. It was built for 
the Putnam Division of the New York 
Central Railroad and was placed in ser- 
vice early in 1929. The oil engine was 
manufactured by the McIntosh & Sey- 
mour Corporation, the electric equipment 
by the General Electric Company, and the 
mechanical parts by the American Loco- 
motive Company. The McIntosh & 
Seymour Corporation assembled the loco- 
motive in their own shops in Auburn, N.Y. 
Similarly to the preceding freight, the 
present locomotive is of the 2-D-2 type 
with 185 000 Ib. on drivers and 361 000 lb. 
total weight. The maximum tractive effort 
is 46300 lb.; the tractive effort on the 
basis of one-hour rating is 28 000 lb., and 
on continuous rating, 16 000 lb. 

The oil-engine is a 12-cylinder, V-type, 
1our-cycle, single-acting, air-injection en- 
gine, with the air compressor on one end 
and the generator on the other. The cyl- 
inders are 14 in. by 18 in. and the engine 
is rated at 900 B. H. P. at 310 r. p. m. 
Figure 19 shows the engine. The output 
of the engine is controlled by the oper- 
ation of the fuel pump from the master 
controller. Similarly to the type VI loco- 
motive, by means of a pneumatically op- 
erated device with pistons controlled by 
magnet valves, the position of a control 
arm is determined by the position of the 
handle of the master controller. There 
is no governor however, except an over- 


(1) Railway Age, 21 July, 1928, pp. 98-100. 
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speed governor, and the amount of oil 
delivered to the fuel pump, and conse- 
quently, the torque of the oil engine, de- 
pend directly upon the position of the 
control arm. “In other words, the posi- 
tion of the master controller determines 
the torque of the engine. The speed is 
then established in relation to the load. 
The remote control can be extended to 
another locomotive equipped with a si- 
milar engine and pneumatic device by 
coupling the two devices to the same cir- 
cuit; this makes possible a multiple-unit 
control. 

The main generator is a 500-kw., 600- 
volt dynamo, with ten main and ten com- 
mutating poles. The generator shaft has 
two bearings in the generator frame sup- 
ported by the locomotive frame. The ex- 
citer, which also serves as an auxiliary 
eenerator, is placed on the extension of 
the generator shaft; the other end of the 
shaft is connected with the oil-engine 
crank shaft by a coupling with torsional 
flexibility. 

The four traction motors are of the 
same size and type (GE-286) as those used 
on the preceding locomotive; the gear ra- 
tio, however. is different, namely, 69 : 20, 
in view of the higher speed of the loco- 
motive. 

The electric control is the same as that 
of the preceding locomotive, the control- 
ler establishing in each position a certain 
torque of the oil-engine and the most de- 
sirable field strength of the generator at 
this output. 

’ The design of the frame, underframe, 
trucks, spring rigging, brakes and of other 
mechanical parts is the same as that of 
the preceding locomotive. There is a 
slight difference in the spring equaliza- 
tion, but the vertical and lateral flexibi- 
lity have been retained. Likewise, the 
cab has two operating compartments on 


opposite ends of the locomotive. There 
are two middle compartments accommo- 
dating all of the machinery, control and 
auxiliaries. The smaller of the two com- 
partments contains radiators of the ho- 


neycomb flat tube type, manufactured by | 


the Modine Company, the cooling air be- 
ing sucked in from the sides of the cab 
by motor-driven fans and discharged 
through the roof. The brakes and other 
auxiliaries are of the same general type 
and character as on the preceding loco- 
motive, the main difference being only 
in that the passenger locomotive is pro- 
vided with a boiler for heating the train. 

The general view of the locomotive is 
shown on figure 20 (*). 


Type VIII. — This is the largest inter- 
nal combustion locomotive in existence. 
It consists of two units, of which the first 
was placed in service on the Canadian 
National Railways at the end of 1928. Up 
to 1 July 1929, no information has reach- 
ed the reporter as to whether the second 
unit had been completed and placed in 
service. 

Each unit is of the 2-D-1 type, carries 
its own power plant consisting of a 
1330 B. H. P. oil-engine and generator, 
and with the equipment and auxiliaries 
is a complete locomotive in itself. The 
unit weighs 325 000 lb., of which 240 000 
lb. is weight on drivers. With the gear 
ratio of the electric motor, as first instal- 
led in the unit for passenger service, it 
is capable of developing a tractive effort 
of 50000 lb. for a short time, and of 
21.000 Ib. continuously. With the gear 
ratio for freight service, namely, 78 : 48, 
the unit can develop for a short time a 


tractive effort of 65 000 lb. and even more. 


at starting, up to the limit due to adhe 


(1) Railway Age, 23 March, 1929, pp. 663- 
667. 
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sion. Some dimensions and data on the 
whole locomotive (two units) are given 
in table I. 

The first unit was assembled by the 
Canadian Locomotive Company of King- 
ston, Ontario; the mechanical design of 
the locomotive was made jointly by the 
Canadian National Railways, Canadian 
Locomotive Company, Baldwin Locomo- 
tive Works, Commonwealth Steel Com- 
pany and Westinghouse Electric and Ma- 
nufacturing Company, the latter Com- 
pany having also supplied the generator, 
motors and electrical equipment. The 
oil-engines were built by William Beard- 
more and (Co., Ltd. of Glasgow, Scotland. 

The engines are of the four-stroke, 
single-acting, mechanical injection type, 
each engine developing 1 330 B. H. P. at 
800 r. p. m. in twelve cylinders, 12 inches 
bore by 12 inches siroke, arranged in 
a V. The engine piston speed is thus 
1600 feet per minute, the same as in the 
300-B. H. P. six-cylinder Westinghouse- 
Beardmore engine of the type V locomo- 
tive. Similarly to that engine, the weight 
of the large Beardmore engine is very 
low. The engine is of the variable speed 
type, with idling speed at 300 r. p. m., 
and is equipped with a governor, the set- 
ting of which for any speed between 300 
and 800 r. p. m .is controlled electrically 
from the operating cab. The engine is 
started by turning the generator as a 
motor from a storage battery. 

The electric control of the locomotive 
is similar to that of type V locomotive. 
A torque governor maintains a practi- 
cally constant torque over the operating 
range of voltage and current, -and pre- 
vents overloading and stalling of the oil- 
engine. The control of the speed of the 
locomotive is obtained by varying the 
speed of the oil-engine and shunting the 
field of the four traction motors. They 


are of the series-wound type and are indi- 
vidually geared to the driving axles of the 
unit. Each unit has one operating com- 
partment, and the locomotive can be con- 
trolled from either end by the remote 
simultaneous operation of generator and 
motor switches and by speed setting of 
the engine governors of the two units. 
The motors are cooled by forced ventila- 
tion from motor-driven blowers which 
can be operated at will when necessary. 

The main and truck frames are one- 
piece castings of the Commonwealth type. 
The oil-engine bed plate, cab brackets, 
air ducts, brake hangers and other sup- 
ports are cast integral with the main 
frame. The weight equalization is of 
three-point suspension type, one point 
being in the center pin of the four-wheel 
truck, and two other points in the riggings 
combining springs on each side of all 
drivers and the two-wheel truck. 

The cooling radiators are of the honey- 
comb type for the oil-engine jacket water, 
and of the fin-tube type for lubricating 
oil. The radiators are cooled by air from 
motor-driven fans of the propeller type: 
and also by natural ventilation resulting 
from the movement of the locomotive. 

The storage battery provided on each 
unit for starting the oil-engine has a ca- 
pacity of 340 ampere-hours and is also 
being used for control, lighting and dri- 
ving auxiliaries. It is recharged either 
from the main generator at idling speed, 
or from the auxiliary generator (exciter) 
at operating speeds. 

The brake equipment of each unit con- 
sists of a motor driven compressor, with 
a displacement of 75 cubic feet per mi- 
nute, and five brake cylinders, one for 
the four-wheel truck and four for two 
groups of two driving axles in each. 

Among the auxiliaries is an oil-fired 
heating boiler for the train, which works 
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in conjunction with an economizing boi- 
ler heated by exhaust gases from the oil- 
engine. An automatic device made de- 
pendent upon the pressure in the train 
heating system controls the fuel-oil sup- 
ply to the boiler, or cuts it out entirely 
in accordance with the demand for steam 
in excess of that delivered by the econo- 
mizing boiler. When there is no demand 
for steam at all, the economizer is kept 
dry and acts as a silencer. 

The general appearance of the two-unit 
locomotive is shown on figure 21 aie 

In addition to the described types, 
there were on 4 July 1929, several loco- 
motives in process of completion or un- 
dergoing tests. They have not been pla- 
ced in actual service yet, and if they 
should be turned over to a railroad before 
the end of 1929, information that may 
become available will appear in a supple- 
ment to this Report (?). The most inte- 
resting locomotives among them are the 
1400 H. P. 2-D-2 locomotive with gear 
transmission and magnetic clutches now 
being built by Fried. Krupp in Essen, 
Germany, for the Boston & Maine Rail- 
road, a 1 200-H. P. locomotive under con- 
struction at the Baldwin Locomotive 
Works in Eddiston, Pa., with a Krupp 
oil-engine and electric transmission, and 
several locomotives with 300-B. H. P. 
Westinghouse-Beardmore engines of the 


_ type used in locomotive V. 


D. — Operation of locomotives, 
a) Geneyal. 


Replies received from railroads to ques- 
tions 101-112 of the questionnaire (Ap- 
pendix IIT) are to the effect that the swit- 
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(1) Railway Age, 8 December, 1928, pp. 1125- 
E27. 


— * (2) See Appendix IT. 
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ching locomotives (types I to V) are 
doing work in yards of big cities : The 
Chicago and North Western operates the 
three locomotives in the Pier and in Wells 
and State Street Yards of Chicago; the 
Reading Company between Willow and 
Noble Streets and Park Junction in Phi- 
ladelphia; the Lehigh Valley operates the 
two locomotives in the yard at West 27th 
Street and at 149th Street and Harlem 
River; the Baltimore and Ohio Railroad 
utilizes the locomotive in its freight ter- 
minal, 26th Street and 11th Avenue, in 
New York City; and so on. The storage 
battery locomotive of the New York Cen- 
tral (type IV) is doing work in the 60th 
Street Yard in New. York; the freight and 
passenger locomotives of the New York 
Central (types VI and VII) are pulling 
trains on the Putnam Division, 

In the majority of cases the crew cons- 
ists of two men, required by the Inter- 
state Commerce Commission, but practi- 
cally all railroads operating switching lo- 
comotives, except type IV, state that the 
second man can be dispensed with; in 
some instances, depending upon local 
conditions, there is only one man, the 
operator, in the crew. The Reading 
Company however, thinks that the second 
man is required on a switching locomo- 
tive to observe clearances on the opposite 
side from, the operator and also to accept 
signals from the train crew on that side 
and pass them to the operator. 

In the opinion of all railroads, no spe- 
cial training is necessary for a competent 
steam locomotive driver to operate an 
oil-electric locomotive. In the majority 
of cases a ride during one 8-hour shift 
under the instruction of a qualified ope- 
rator is sufficient. Ordinarily the road 
foreman of engines, or one of his assis- 
tants, keeps in touch with a new operator 


i 


for several days giving further instruc- 
tions. In other cases two or three 8-hour 
rides may be necessary. The second man 
requires no special training other than 
instructions pertaining to clearances, si- 
gnals, etc., the same as a fireman on a 
steam, locomotive. The majority of rail- 
roads consider that the qualifications of 
crews are practically the same as for 
steam locomotives. Only two roads (Chi- 
cago & North Western and Great Nor- 
thern) replied that the qualifications for 
a Diesel-electric locomotive crew must be 
higher than those for a steam locomotive 
crew. 

The crews are sometimes assigned to 
the locomotives more or less permanently, 
but this is not the rule. In some cases 
they are changed as often as on steam 
locomotives; in others not so often. It 
seems that in all cases the rules of se- 
niority apply. 

As to convenience of operation and of 
control of the oil-electric locomotives, 
practically all railroads replied that it is 
more convenient and less complicated. 
With the automatic control there is only 
one operating throttle handle for the en- 
gineer to manipulate during operation; 
other handles are for reversing the loco- 
motive, for the application of brakes, for 
the sander, for ringing the bell, for the 
whistle, and are used only when required. 
There are also various switches, like the 
battery charging switch, the air compres- 
sor switch, light switch, air starter but- 
ton for starting the engine or engines (or 
electric starting buttons, depending upon 
the system of starting), a switch or but- 
ton for stopping the engine or engines, 
and radiator fan switches, which are used 
when needed. One railroad (Great 
Northern) thought the control is conve- 
nient but more complicated, as all swit- 
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ches must be in proper position before 
starting. 

No special handling of the locomotives 
in the terminals or roundhouses is requi- 
red. The Lehigh Valley Railroad stated 
that as a matter of fact the locomotives 
do not require any attention during the 
lay-over time (between their working pe- 
riods), such as is required by steam loco- 
motives. The Delaware, Lackawanna and 
Western thought that special handling 
is required until roundhouse forces are 
qualified to take care of the locomotives. 
The switching locomotives are refueled 
and their sandboxes refilled every day in 
the yard, or in roundhouses, at the end 
of the day, or between shifts; sometimes 
during the lunch hour. Water tanks are 
sometimes refilled every day; sometimes 
filled once every week. Lubricating oil 
is changed once in a period from two 
weeks to two months — in this respect 
the centrifugal cleaner has been found 
very useful (See below: Lubrication). 
Storage battery is charged practically on 
all locomotives from the generator, or 
exciter, during operation. 

As to the work which the locomotives 
are able to perform, it varies very much, 
depending upon local conditions. Loco- 
motives of types I and III usually handle 
on level track six to twenty cars, approxi- 

-mately up to 700 tons, at a speed of six to 
eight miles an hour. 


On the Reading Railroad locomotives of 
type I handle two or three cars (approxi- 
mately 450 tons) on a 5 per cent grade at 
a speed of about two miles an hour. On 
the Great Northern Railway, locomotive 
of type II handles at Minneapolis Junc- 
tion one hundred empty cars, or 35 cars 
loaded with wheat (about 2 000 tons) on 
various grades up to 0.5 per cent. 

Locomotive type VI operates freight 


trains up to 550 tons on the Putnam Divi- 
sion of the New York Central Railroad, 
which has a continuous undulated pro- 
file with up and down grades up to 
1.82% and 8° curves (700 feet radius). 
Locomotive type VII is in passenger ser- 
vice on the same division with train of 
two cars (108 tons) at an average speed 
of about 23 miles per hour over a dis- 
tance of 54 miles, with 25 regular stops, 
and 8 stops on signals, to receive or dis- 
charge passengers. 

Up to 1 July 1929, no information was 
available as to the work performed by the 
2-D-1 + 1-D-2 locomotive of the Cana- 
dian National Railways. 


b) Fuel performance. 


The fuel is usually a Diesel oil with a 
gravity of 28 to 32° Beaumé. Following 
is a typical specification used on the Erie 
Railroad : 


Fuel oil shall be a hydrocarbon oil 
free from grit, mineral acid and fibrous 
or other foreign matters likely to clog or 
injure the valves in pumps and nozzles. 

Fuel guarantees are based on oil con- 
taining 18 500 B. T. U. per pound (effec- 
tive heat value). Fuel consumption ob- 
tained with oils of higher or lower heat 
value shall be corrected and expressed on 
the basis of 18 500 B. T. U. oil. 


Carbone residue. — If the carbon re- 
sidue is over 0.5 % by Conradson me- 
thod, a sample of the fuel must be sub- 
mitted to the Company for approval. 


Water. —- The water content shall not 
exceed 1 %. 


Sulphur. — The sulphur content shall 
not exceed 3 %. 

Viscosity. —_ The viscosity shall not 
be more than 150 seconds Saybolt Uni- 
versal Viscosimeter at 70° F. 


Flash point. — The flash point shall 
not be less than 150° F. (closed cup). 
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The Delaware, Lackawanna & Western 
and Baltimore and Ohio Railroads buy oil 
to a specification which differs from the 
above in that the sulphur content is not 
to exceed 1 %. The Long Island is go- 
verned by Pennsylvania Railroad’s spe- 
cification 163-A for grade N° 1 winter 


fuel oil, which stipulates flash point not, 


below 137° F., same viscosity and water 
content as the Erie, sulphur not over 1 %, 
and requires a pour test not above 0° F., 
according to the method of the American 
Society for Testing Materials. The 
Great Northern Railway permits a 0.48 
carbon residue and requires a flash point 
of 260° F , presumably in an open cup. 
The Reading Company stipulates flash 
points both in an open and closed cup, 
200 and 170° F. respectively, no residue, 
30° Beaumé gravity, and with various 
points of distillation. Chicago and 
North Western requires a specific gra- 
vity of 0.8871 to 0.8654, flash point 210° 
to 230° F., sulphur not over 0.75 %, as- 
phalt and water not over 1 %, and asa 
stipulation for pour point that oil should 
be liquid at 0° F. The New-York Central 
buys oil of a certain brand without any 
specification, requiring only « extra cold 
test ». 

The oil does not need to be heated in 
winter, and no changes in the fuel line, 
injection valves, nozzles, filters, etc., 
have been found necessary to suit the 
kind of fuel on any of the railroads, ex- 
cept in cold winter weather on the Great 
Northern Railway, when hot water coils 
connected to the cab heater are placed in 
the fuel tank for heating. 

In regard to smoke, the majority of 
roads reports that under normal condi- 
tions there is practically no smoke. 
Several roads find that the locomotives 
emit some smoke when the engines are 
overloaded, or started cold; other rail- 


roads think that there is smoke during 
acceleration periods of the engine, and 
in all these cases the smoke has a slight 
grayish haziness. One railroad, which 
has locomotives with engines of two dif-. 
ferent types, thinks that both emit a small 
amount of smoke, during operation, with 
slight haziness. In another similar case 
there is in one engine black smoke at 
full load and rated engine speed, with 
grayish smoke at idling, and the other 
engine no smoke at full load and grayish 
blue .at idling speed. One road has 
always some bluish smoke. The blue 
tinge in the last two cases would indicate 
that the amount of lubricating oil was 
not properly adjusted. 

As to consumption of fuel, all availabie 
data are collected in table IIf in refe- 
rence to switching locomotives. Data on 
road locomotives (types VI, VII, VIIT) 
are not yet available, nor are they avail- 
able, for locomotive of type V on the 
Long Island. 

Figures of oil consumption per hour 
of locomotive operation run very irregu- 
larly and no conclusions can be drawn. 
They depend very much upon local con- 
ditions and on the amount of work which 
is done. The lowest figure is found 
where the load factor is very low — 
5.22 % in this case. Fuel consumption 
on kilowatt-hour basis does not vary 
so widely (only between 0.116 and 0.198 
U. S. gallon), and-whatever variation there 
is, it is due to the difference in load 
factor, which varies from 5.22 to 32.7 %. 
If the load factor were 100 %, the con- 
sumption per kilowatt-hour would be. 
0.08 to 0.09 U. S. gallon depending upon 
the type of engine and the specific gra-- 
vity of oil. 

As previously stated (see Description of 
Locomotives), on some types of locomo- 
tives there are gasoline driven outfits for 
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replenishing the air bottles with com- 
pressed air in case the pressure is not 
high enough for starting the oil engines. 
The amount of gasoline consumed for 
this purpose varies from 5 to 69 gallons 
per locomotive per year, in the latter case 
amounting to $8.42 per year. This, of 
course, is negligible and may be disre- 
_ garded in comparison with table IIT. 
Per locomotive-hour it would represent 
for this particular road 0.004 gal. 


Cost of fuel will be given later with 
other expenses. (See F. — Cost of opera- 
tion). 


c) Lubrication. 


For the forced lubrication of the oil 
engine is used a mineral oil of 23 to 26° 
gravity (Beaumé), made from refined 
petroleum products. The specifications 
for lubricating oil require that oil shall 
be free from acid and water, and shall 
not contain sulphonates, soap, resin, or 
tarry constituents, which would indicate 
adulteration and lack of proper refining. 
All specifications call for a certain flash 
point (on some roads to be not lower 
than 420° F. for paraffin oils and 380° F. 
for asphalt oils, on others the lower limit 
is higher, up to 473° F.), for a viscosity 
at 210° F. (minimum 60 seconds on some 
roads to 85 seconds on others) and at 
100° F. (maximum 600 seconds to 780 
seconds), for a cold test, which stipulates 
that the oil shall pour at a temperature of 
45° F. minimum (on some roads the lower 
limit is 85° F. and on the Delaware, 
Lackawanna and Western it is 5° F. for 
asphalt base oil), and for a carbon resi- 
‘due, determined by the Conradson 
method, not over 0.8 % for paraffin base 
oils and not over 0.1% for asphalt oils. 
The Long Island follows Pennsylvania 
Railroad’s specification, 161-A Heavy, 
which also stipulates a burning point not 


below 529° F., an emulsification test, 
which should show no emulsification 
when the oil is shaken with water, nor 
should there be any precipitation when 
held at a temperature of 450° F. for 5 
minutes. Fat oils are not permitted and 
free acid equivalent to oleic acid is all- 
owed if not over 0.25%. The Chicago 
and North Western does not order lubri- 
caling oil to any specification; New York 
Central buys oil of a certain brand — 
DTE extra Heavy from the Vacuum Oil 
Company. 

In addition to the forced system oil is 
used also for lubrication of rocker arms 
of the engines. The circulating water 
pump has grease cups for its bearings. 
Grease is also used on some roads (Balti- 
more and Ohio, Long Island) for gene- 
rators (light cup grease), motors, gears 
(special gear grease), auxiliaries. On 
other roads ‘Reading) motor bearings, 
some of the auxiliaries and their motors 
are lubricated with oil. Driving axle 
bearings are always lubricated with ordi- 
nary car oil and waste. The Great 
Northern Railway uses, for instance, the 
following grades of lubricant : 


i) 


For the forced system and for rocker 
arms of the oil engine, Galena motor oil 
to a specification along the above men- 
tioned lines (gravity 26.7 Beaumé; flash 
point 435° F.; firing 490°; viscosity at 


210° F. 74 seconds; carbon residue 
0.48 %). - 

For generator bearings — No. 5 Star 
grease Texaco. 

For motor bearings —— No. 692 and 


No. 693 Electric car oil Texaco. 

For air compressor and blower motors 
— Alceaid Texaco. 

For gears — Calumet compound. 

For axle bearings — Car oil Texaco. 


Carbonization and dilution of engine 
lubricating oil in some cases becomes 
noticeable very quickly, probably depend- 


re 
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ing upon the kind of oil. New York 
Central states that carbqnization becomes 
noticeable as soon as the oil engine starts. 


' Other roads begin to observe carboniza- 
tion in a period from one to six weeks. 
In one case a road ‘states that carboniza- 


tion and dilution have been stopped since 
the brand of oil was changed. Chicago 
and North Western, Long Island and 
Delaware, Lackawanna and Western are 
of the opinion that filters do not com- 
pletely remove carbonization. Two rail- 
roads (Reading and Great Northern) re- 
moved the filters from locomotives altog- 
ether; others (New York Central and 


Long fsland) replaced them by centri- 


fugal separators which seem to give very 
good results; oil is kept cleaner and in 
better condition and can be used for a 
longer period without changing; the cen- 
trifuge is more easily cleaned than the 


. filter and oecupies less space in cab. The 


Long Island ascribes to the centrifugal 
separator such advantages as longer life 
of engine bearings, longer periods be- 
tween repairs, better engine performance 
and longer engine life. In addition to the 
above mentioned railroads, centrifugal 
separators are used on Illinois Central, 
Hoboken Manufacturers Railroad and on 
some industrial locomotives like Donner 
Steel Co. 

As fo lubricating oil consumption, the 
figures vary widely, as it was in the case 
of fuel consumption, namely, from 0.037 


‘to 0.140 U.S. gallons for a 300-B. H. P. 


engine per hour. It should be remem- 
bered that the load factor is low: (see 
table 111). Cost of lubrication will be 
given later with other expenses (see F. 
— Cost of operation). 


d) Cooling. 


Practically all locomotives now have 
fan-blown radiators (coolers) for cooling 
the jacket water of the oil engine and the 


lubricating oil. The design of the system 
lias been given in the description of loco- 
motive types. Some of the first switching 
locomotives had radiators without fans, 
depending only upon natural air circula- 
tion, but most of them have been rebuilt. 

The amount of water needed for re- 
plenishment due to evaporation and losses 
is yery small. It fluctuates from 8 to 
20 U. S. gallons a day for a 300-B. H. P. 
engine. One railroad even placed its con- 
sumption as low as 2.5 gallons a day. 
The cost of the water is, of course, negli- 
gible, but in some cases it is given with 
other expenses (see F. — Cost of opera- 
tion). 

No pitting of cylinder jackets, liners 
and cylinder heads has been observed by 
railroads, except in one case, on the New 
York Central on the storage battery loco- 
motive. It is being taken care of by 
frequent washing of the system. 


ce) Heating. 


All locomotives, except the storage 
battery locomotive of the New York Cen- 
tral, have heaters (see C. — Description 
of locomotives); practically in all cases 
they are small coal burning water heaters 
with radiators in the operating compart- 
ments. The passenger locomotive of the 
New York Central Railroad (type VII) 
has a large heater for heating the train. 

In all cases the heaters are connected 
with the cooling system by means of 
valves. In cold weather, during lay-over 
periods, when the engine is not operating, 
the valves are opened in order to connect 
the cooling system with the heating 
system and prevent freezing. 


kK. —- Inspection and repairs. 


Replies received to the questions on 
inspection and repairs are of a greater 
variety than those previously reported. 
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It was not deemed advisable to review 
them in a general way as it was done in 
the preceding chapters, and it was pre- 
ferred to tabulate the replies, quoting 
them verbatim. They are given below 
pages 904 et seq., and when a note was 
thought necessary, it was put in brackets, 
followed by two initials of the author 
(A. L.). 

From the perusal of the replies it will 
be seen that no great difficulties have 
been experienced so far with the proper 
maintenance of the locomotives or their 
parts. As regards the oil-engine, on one 
road only one engine crank shaft broke 
on account of the running speed being 
foo close to the critical speed. The speed 
has been reduced to 550 r. p. m. without 
changing the output of the engine — the 
mean effective pressure was raised cor- 
respondingly without difficulty. The 
same change has been made on engines 
of this type on other roads, and no 
further trouble has been experienced 
since. 

Some difficulties were encountered 
with generator and motor armatures 
which were burned out, as shown in the 
tabulation. A few of these cases were 
accidental; others were due to design, 
and after some changes in design and 
methods of operation-had been made, no 
difficulties were experienced. 

In a few cases some difficulties arose 
with the circulating pump, fuel pump 
and other auxiliaries, as given in detail 
in the tabulation, but they all referred 
to small matters which were easily re- 
paired. The principal parts such as the 
oil-engine, generators and motors, proved 
their suitability to the service for which 
they were designed and nothing in these 
parts was discovered of a character which 
would prevent the locomotives from giy- 
ing satisfaction. It will be observed that 
as more and more locomotives were placed 


in service, cases of broken parts or 
burned out motors became fewer, 

In order to indicate the length of time 
to which the tabulated repairs refer, the 
dates of placing the locomotives in service 
on railroads and the dates of their re- 
plies are given in table IV. 


F. — Cost of operation. 


Data received from railroads in reply 
to questions 113, 125, 126, 138, 139, 142, 
153, 198, 205, 213, 295, 934, 244 945 and 
246 are compiled in table V. The infor- 
mation is far from being complete, and 
the table represents the best general sum- 
mary which the reporter was able to 
prepare from the available data. 


The term of service of road locomotives 
(types VI-VIII) and of some switching 
locomotives (IV-V) had been so short 
that railroads were unable to give out any 
information on these locomotives. One 
road remarked that their experience had 
been so different from what they thought 
is would be after the operation and main- 
tenance of the locomoiives had settled 
down to a routine, that the data that they 
might have communicated would be 
misleading. The received information 
turned out to pertain exclusively to 
switching locomotives (types I-III), with 
which the railroads had already had 
experience during several years. Roads 
A-K reported on locomotives of 300 H. P. 
output (types I and IIT), although one of 
them had also 600-H. P. locomotives 
(type II); roads K and L sent data on 
these latter locomotives. 


A brief review of table V might be of 


use to the reader. The first column gives 


the conventional designation of railroads. 
This was necessary because two roads of 
the ten, which sent in operation cost data, 
specifically requested that the name of 
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QUESTIONS. 


Number or 
question as listed 
in 4 
the questionnaire 


Is the main engine of the locomotive 
periodically inspected independent 
of repairs and how often ? 


cLre the auxiliaries and other parts of 
the locomotive periodically inspect- 
ed and how often ? 

156 Have there been any serious repairs 
or replacements of parts of engine 
generator, motors, and other loco- 
motive parts which required laying 
off a locomotive for more than o 
week 2? Describe the nature of 
repairs, 

157 Were the heavy repairs of the pre= 

ceding item accidental, or were 

they regular results of the design 
and service of the locomotive ? 


158 Ilave the causes of the heavy re- 
pairs been eliminated and how ? 
159 What kind of repairs require laying 


off of a locomotive for more than 
a day ? 


What is the average number of hours 
per month a locomotive is out of 
service due to inspection and re- 
pairs ? 


164 
of service 
month ? 


per locomotive per 


What is the average nwmber of hours 1288.5. 


Baltimore & Ohio. Lehigh Valley. 


Yes, once each week. Main engine is given a 


inspection. 


Parts of the locomotive” 
given a daily inspectior 


Yes, once each week. 


No. 


We have had one case of an 
ture burned out on a § 
rator which was repaire 
the General Electric | 
pany. 


No heavy repairs. Cannot state. 


As far as possible. 


General inspection. General repairs and 


cleaning. 


None. For the calendar year 
engine No. 100 (type I: 
was out of service appro 

: ately 1 1/4 h. per mi 

engine No. 125 (on whie 

generator armature was 
ed out — type DI1-4 

approximately 56 1/4 

per month. Number of 

out of service for locom 

No. 125 is mainly due t 

engine being in the 

awaiting return of In 

out armature, referred 7 

item 156. 


\verage number of how 
service per month wa 
calendar year 1928 ; 
hours fer locomotive 
(Type Iy and 167.5 1 
for locomotive 125 (Type 
AG Ta: )is 
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Long Island. Great Northern. Chicago and North Western. 


vy 30 days. Yes, weekly, Yes, at six-month intervals, which 
f are being extended to nine months. 
4 30 days. Yes, weekly. Yes, weekly. | 
‘ f | 


lone locomotive (No, 101) consi-|Yes, generator armature on account/Yes, one generator armature burned 


out. 


lerable repairs were necessary to| of air duct spacers thrown out, Con- 


lagine equipment. Broken crank- necting rods and main bearings of 


Also repairs of pistons and 
loose wrist pins. 


oil engine changed by _ builders. 
One set of main bearings was 
burned out due to oil plug coming 
out and losing oil. 


haft necessitated dismantling 
ntire engine (see below). 


Burning out of bearings accidental. Regular results of the design and 


0 answer received—A. lL.) 
service of the locomotive. 


i Rest of changes was made due to 
ie design, 


Yes, by change of design. 


ormation not available. Closing connecting rod hearings and/Annual inspection, grinding valves, 
main bearings. ete.; truing up commutator, turn- 
ing tires. 


280 hours per month. 227.9 hours per month. 


——- 


400 hours per month. 492.0 hours per month, 


V—128 


906 


Number of 
question as listed 


‘479 


QUESTIONS. 


in the 
questionnaire. * 


162 What is the balance of the total num- 
ber of hours per month and those 
of items 160 and 161 due to 
fueling, sanding, storing, Sun- 
days, holidays ? How many hours 
are due to each of these causes ? 

174 Have you had cases of broken crank- 
shafts, cylinders, cylinder liners, 
cylinder heads, pistons, connecting 
rods and other heavy parts? What 
were the causes of the breakages? 
Have they been removed? 


172 Were the above parts replaced or 
repaired, and if repaired, how was 
tt done ? 


How long was the locomotive out of 
service each time? 


174 Can all other repairs be classed as 
« running repairs >? Tf not, enu- 


merate those which cannot. 


175 How many miles (or how many 
hours) does a locomotive run before 
the crank shaft bearings or crank 
pin bearings require adjustment— 
taking out shims, replacement of 
shells? Indicate whether shells, 
lined with white metal, are of steel 
or bronze. 


What is the average wear of bearings 
on time or mile basis? 


What is the average wear of jour- 
nals and pins? 


178 What is the average wear of pistons? 


What is the average wear of piston 
rings? 


Baltimore & Ohio. Lehigh Valley. 


Engine works six days per|The balance of the total 
week. Inspection is made] ber of hours per month is 
when engine is idle. Fuel-| to Sundays and ho li 
ing, sanding is done during} during which time the e 
twenty-minute lunch period] is not operating, 
by laborer. 

No. We have had no eases of 
ken crankshafts, ete. 


No broken parts. No broken parts. 


No broken parts. 


Yes. 


About 900 hours for taking out]About six months to one 
shims. Wrist pin bearings| No definite data aya: 
are of steel and lined with} Both steel and bronze 
bronze. Crank pin bearings| are used. 
are steel lined with whit» 
metal. 


” 
900 hours approximately (be-|No data available. 
tween babbitting ?-A, L.). 


Not available. a 


: vV—129 
Railroads. 
Long Island. Great Northern. Chicago and North Western. 
( : 
on Fueling and sanding 7 hours; off the}/None. 
job 34 hours per month, 
| 


| Broken crankshaft on one of the|No. 
‘ee locomotives. Speed reduced 
600 to 550 r,. p. m. in order 
scontinue operating at critical 
Inkshaft speed. Cylinder heads 
icked from overheating when 
culating water pump failed. 
iy tanks were elevated to in- 
fe positive delivery of water to 


» engine. 

@ 

s were replaced, None. ox 
S| 

oximately 2 months were neces-|None. Q 


7 to make replacement, repairs 
change in the cooling system. 


Yes, only on periodical inspections 
when engine was taken to shops 
for repairs, and inspections were 
made for wear and tear, 


oximately 1000 hours. LBear-|900 hours. Bearings replaced only 
+ shells are of steel and lined| when shopped and “when found thin, 


h white bearing metal. using white metal for bearing lin- 
is ing. 
4 
mation not available. On 900 hours, wear from 0.003 to|For 5000 to 6000 hours, 0,003 inch 
7 0.008 inch. wear on diameter, 
Unable to give definite figures. None determined. 
( ai 0.005 inch in 26 months of service.|Approximately 0.017 inch (in 5 000- 
: 6000 hours, — A, L.). 


7 Average wear impossible to measure|Not determined. 
on account of being a segment 

' ring, but they have to be replaced 

about every 12 months. 


V—139 


908 


Number of 
question as listed 


in 
the questionnaire |}_ 


180 


181 


182 


183 


184 


185 


186 


187 


188 


189 


QUESTIONS. 


What is the average wear of cylinders 
or cylinder sleeves (liners)? 


When and how often are piston rings 
replaced on account of wear? What 
percentage of piston rings break 
within a certain time(sia months) ? 
What is the evarage life of rings? 


What is the average wear of wrist 
(gudgeon) pins, and their bearings? 


Is wear in piston grooves noticeable, 
and how is this beimg taken care 
of? 


(Vhen are pistons replaced? 


Have any advantages been found in 
the split - skirt - constant - clear- 
ance pistons with respect to main- 
tenance of cylinders, pistons, piston 
rings and other parts? 


What difficulties have been expe- 
rienced with valves in cylinder 
heads? How have they been remed- 
ied? } 


How often must intake and exhaust 
valves be ground? When and how 
often are they replaced? 


Are valve cages being replaced? If 
seats are direct in the cylinder 
heads, are replacement seats insert- 
ed? 


Do valves get stuck? What are the 
causes and remedies? Of what 
material are guides for valve stems 
made? Have special bronze guides 
for valve stems been tried? 


Ans 


Baltimore & Ohio. Lehigh Valley. 


Engine has made 64 830 miles|We have not replaced any — 
with no replacement of pis-| ton rings for wear; a 
ton rings. have been replaced on 

count of being broken 
removal. 

Wear on wrist pins not avail-|No data available. 
able. On bearings, shims 
renewed every 5 to 6 months. 


Not noticeable after 3 years}We have not noticed any w 
of service. in piston grooves. 


No replacements made in}Pistons have not been repla 
3 years of service. 


Neither of our engines is eq 
ped with split-skirt-const 
clearance pistons. 


Pistons have solid skirts. 


None. We have not experienced 


difficulty with these val 


Once every six months to insure Approximately each six mol 
perfect compression. None have been replaced 


There are no valve cages. Seats|A few of our valve cages | 
are cast integral with the] been replaced on locome 


heads. No. 125 (Type UTA 
No replacement seats } 
been inserted. 


Occasionally when they get dry.]We have not experienced 1 
Plain fuel oil remedies the} ble with sticky valves. 
trouble. des and valve stems are 2 

of steel. Special br 
guides are not used. 


~~g 


. ilroads. ; 


Long Island. 


‘e ord available. Excellent 
‘e thus far on locomotives 401 
d 402 (type II. — A. L.). 


ia 
\* 
igible on all 3 locomotives, 


‘noticeable on locomotives 
a 


replaced on locomotives Nos. 401|Not replaced in 26 months of ser- 


@ 402. On No. 403. (type V. — 
|L.), piston renewed when suffi- 
mt wear develops. 


k — due to carbon deposit form-|Have had -no trouble with valves 


xy on valve stem and guides. 
igure occurs after engine has 
oled down, No permanent re- 
‘dy available. Valve stems and 
ides cleaned and replaced. 


¢ 


-annual inspection. 
ueed. 
e 


rect in head. 


‘caused by carbon deposits. 
rmanent remedy available. Valve 
ides are made of cast iron on 
somotives 401 and °402, and of 
onze on locomotive 403 (see 
ove, A. L.). 


ser-|Every 12 months; 1 % at least in 


401] Yes. 


Great Northern. 


Cylinder liners wear 0.002 inch. in 
26 months. 


12 months. 


Not noticeable. Slightly on brasses. 


True up grooves and fit over- 
sized rings. 


vice. 


, 


We have not used anything but solid 
cast iron trunk type pistons. 


Chicago and North Western. 


Approximately 0.0044 inch in 2 years. 


Two years. two 


years. 


Approximately 


Two years show 0.0015 inch wear. 
Yes. By cleaning grooves apply over- 
size rings. 


When wrist pin wear is excessive. 


Solid pistons are used. 


except sticking occasionally. By 
pouring kerosene on valve stem. 
Seldom re-|Ground in every six months, Re- 


placed four valves in 26 months. 


leplacement seats or cages. Seats|Not used. No solid head. 


Valve guides are made of cast 
iron. Have not used bronze ov 
brass. 


Pitted seats. Maintain; strony 
springs. 
Five to six thousand hours.  Stili 


in service. 


No valve cages. 


aT . oye y a . 
No Occasionally, from not oiling them.|Yes. Insufficient clearance; increase 


clearance; cast iron. No. 


Number of 
uestion as'listed 
in 


— 


194 


192 


193 


L94 


195 


196 


497 


the questionnaire 


90 


QUESTIONS. a 


Baltimore & Ohio. 


Lehigh Valley. 


How often do valve springs break? |Have broken eight springs in|We have had no cases of bre 


What is the average life of a valve | three years service. 
spring? one failed more than a year 


past. 


What difficulties have been eape- None. 
rienced with fuel valves and 
sprays? How often are they in- 
spected? When and how often are 
they replaced? 


Are rubber seal rings used at the |Not used. 


bottom of the water jacket (when 
the cylinder liner is removable)? | 
Do they give trouble? How is the 
trouble being remedied? 


Has any corrosion of steel parts in |None. 
the crank case been observed? 
How is this being eliminated? 


Has any difficulty with lubrication | None. 
been met with? How has it been 
cured? 


What is the experience with the fuel,|We have not experienced any 


lubricating oil and water cireulat-| trouble. 
ing pumps? Which parts require 
renewal and how often? 


What is the wear of the fuel pump |Not available. 


plungers? When and at what 
intervals are they being replaced? 


What material is used for the.strai- |¥uel oil — Monel metal sereen. 
ners in the fuel oil and lubricating Lubricating 
oil filters? How often is this ma- filter and fine copper strai- 

ner, renewed when bags are 


every thirty 


terial renewed? 
torn, 
days. 


oil-cloth bag 


about 


valve springs, 


Have not experienced diffier 
with fuel valves and sp; 
Inspected at about six-me 
intervals. None rep! 


Rubber seal rings are not us 


Corrosion of steel parts in | 
crank case has not been 
served. 


Pee eS Le SS 


We have not experienced ¢ 
ficulty with lubrication. 


| 
We have not experienced 4 
particular trouble. 


No data available. 


7 


lailroads. 

| Long Island. Great Northern, Chicago and North Western. 
ikages recorded. — Replaced one valve spring in 26)Failures not frequent. 

\ Ba?) es months. 


> 


| | 
iculties have been experienced|Nothing but gumming up. Every six|Slight leakage after approximately 
‘fuel valves and sprays. In-| months. Did not replace any. six months operation. Inspection 


every 30 days on locomo- every six months. Spray nozzle 
403 (see above, A. L.) and check reground in 12 months. 
eted and repaired only when None replaced to date. 
‘of order (on locomotives 
401, 402). 


t liner not used on locomo-|Water jacket cast with cylinder. No|None used. 
Nos. 401 and 402, and on| sleeves or rubber seals used. 

lotive No, 403, where used, no 

le experienced, 


‘ 


i ; No. No corrosion. 

| 

j 

P| 

? Yes, due to fuel oil leaking into|Yes, pipe lines breaking; by more 
r crank case caused by overflow from| frequent inspection, 


injection pump being plugged up. 
Put in larger overflow. 


‘ i { | 

ymotive No. 401 fuel pump|Have not renewed any. Fuel and lubricating pumps, blo 
er seized; broken coupling to gaskets and shear coupling key. 
tating oil pump between drive Coupling trouble remedied by rede- 
and pump. Circulating water sign of coupling. Water pump 
iat broken. On locomotive breaks shafts occasionally. Pump 
103 trouble experienced with design changed. No trouble expe- 
pump which developed leak- rienced since. 


A portion of pump was 
‘ed and leakage eliminated. 
ible experienced on the third 


otive. 

dle. None noticed. Replaced one due to}None noticeable. Changed frequently, 
some metal getting into plunger| due to sticking. 
cylinder. 


ms are used in lubricating] filters used on lubricating oil, A. L.) used for fuel oil strainer, 
Ss. None changed out yet. Flannel 
bags used in lubricating oil filters, 

Renewed eight times a year. 


ie Monel metal wire gauze|None replaced on the fuel oil. No|/250 mesh wire (per 1 sq. inch 
ter 


th 


. ae . iY ts 


eps: 


912 
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Number of 


question as listed: 
in 
the questionnaire 


CAS) 
S 
= 


203 


204 


244 


212 


224 


222 


QUESTIONS. 


At what intervals is the inspection of 
electric equipment (brushes and 
commutators of generators and mo- 
tors, relays, storage batteries, etc.) 
made? 


Have difficulties with commutation 
been experienced, and how were 
they remedied? 


Have there been cases of overheating 
of motors, and what were. the 
results? 


Do the storage batteries require addi- 
tional recharging, and how is this 
being done? 


Have any difficulties been experienced 
with the air compressor, starting 
outfit, radiators, heaters, sanders, 
etc.? 


How often are the apparatus enu- 
merated in the preceding item in- 
spected? 


State in which respect are mechanical 
parts of internal combustion loco- 
motiwes inspected and repaired dif- 
ferently from mechanical parts of 
other locomotives. 


Is the wear of mechanical parts diffe- 
rent from that of ordinary locomo- 
tives? If so give comparative 
figures. 


Baltimore & Ohio. 


Once each week. 


None. 


None. 


Not required. 


None. 


Once a week. 


No difference. 


No. 


Lehigh Valley. 


Inspection of electric 
ment is made weekly. 


We have not experience 
difficulties with comm 
tion. 


We have not had case 
overheating. 


We have not had occas 
recharge the storage 
ries, as these are kept 
ed by the generator. 


No. 


Parts are inspected dail 


Practically the same cor 
exist in regard to ins 
and repairs. 


The wear of mechanica 
should not differ 
from that of ordinar 
motives. 


Long Island. : Great Northern. Chicago and North Western- 
v 30 days. eS Once a week, Weekly inspection. 


Flashing of main generator cleaned|Yes, in main 


Ri ands aur generator. Changed 


winding of interpoles. 


None. None experienced. 


Very little charging done in round-|No, 
house. 


ifficulty, except on one locomo-|No. 
» the starting air compressor 
ses to operate when cold viscous 
_eauses the starting valve to 


Difficulty experienced with radiator 

, of straight tube type due to freez- 
ing. Trouble experienced with 
starting air compressor engine 

due to breaking valves. 


30 days. Once a week. Weekly, 


ifference. No difference. A general inspection of piston, con- 


necting rods and cylinder is made 
every six months which is not com- 
mon to a steam locomotive. 


No difference, Cylinder wrist pin and connecting 


} rod, 


Number of 
question as liste 


== 


a 


in 
the questionnaire 


455 


156 


158 


159 


160 


161. 


162 


944 
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QUESTIONS. 


Is the main engine of the locomotive 
periodically inspected independent 
of repairs and how often ? 


Are the auailiaries and other parts of 
the locomotive periodically imspect- 
ed and how often ? 


Have there been any serious repairs 
or replacements of parts of engine 
generator, motors, and other loco- 
motive parts which required laying 
off ja locomotive for more than a 
week ? Describe the ‘nature of 
repairs. : 


Were the heavy repairs of the pre- 
ceding item accidental, or were 
they regular results of the design 
and service of the locomotive ? 


Have the causes of the heavy re- 
pairs been eliminated and how ? 


What kind of repairs require laying 
off of a locomotive for more than 
a day ? 


What is the average number of howrs 
per month a locomotiwe is out of 
service due to inspection and re- 
pairs ? 


What is the average number of howrs 
of service per locomotive per 
month ? : 


What is the balance of the total num- 
ber of hours per month and those 
of items 160 and 161 due to 
fueling, sanding, storting, Sui- 
days, holidays ? How many hours 
are due to each of these causes ? 


- Delaware, Lackawanna 


Reading. é& Western. 


Yes, every. week,; month, or Yes, inspected every two 
year, depending on the part 
to be inspected. Every part 
is inspected at least once a 
year. 


Same as above. Inspected every two w 


Two armatures on generator|None. 
burnt out, insulation knocked 
off exciter armature, trac- 
tion motors burned out, and 
radiator header cracked. 


a 


First case with generator ar-|None. 
mature and exciter armature 
was accidental. | 


Yes; by using more care when|None. 
barring over oil enginé, by 
putting collar on shaft, using 
mica insulation and cast iron 


radiator header instead of 
aluminium. 
Trouble with auxiliary air}Overhauling Diesel 


generator repairs, tr 


compressor for starting, bro- 1 
pairs, wheel turning. 


ken traction motor pinion 
gear, broken fuel oil distri- 
butor shaft, renewing wheels, 
and things mentioned under 
No. 156, 


180 hours, 41,2 hours for heavy rep 


42] hours. 152.1 hours. 


119 hours, waiting to be called.|Fueling, sanding is bei 
during service hours; 
420 hours per mont 
days 100 hours; 
16.7 hours, 


915 
V—137 


New York Central. _ Illinois Central. Hoboken Manufacturers’. Donner Steel Co. 


‘daily for adjustments|Inspected once each wreck lMiney day one hour; every/Yes; each week. 
& defects; monthly —| and is held in on Monday; seven days general inspec- 

lhorough inspection and| for this inspection. tion. 

king of bearings, 


inspected daily; clean-|Same as main engine. Same as above. Yes; each week. 
and inspected monthly. 


No No. No 
5 

4 oe ~ No. None. 

7 

, 

b Had none. None. 


sufficient service to|Have had none so far as/Have had no reason for|Repairs necessary through 
wer this question. engine is not in service] laying off locomotive for} accident. 

a sufficient length of time] a day outside of Sundays. 

and only out for minor : 


? accidents, incident to 
a handling a new type of 
power. 
Be battery locomotive]86.3 hours. Four Sundays a month. 20 hours. 
pe IV) : 88 hours. 
locomotive 619 hours.}640 hours. - 350 hours a month. 700. hours. 
oe aaa 12 hours a month for fuel-|Out of 24 hours per day for 


ing and sanding. 40 days, sanding, inspec- 
tion and running repairs 
require 20 hours, 


ee 


Number of 


173 


174 


175 


176 


179 


the questionnaire 


178° 


QUESTIONS. 


Have you had cases of broken crank- 
shafts, cylinders, cylinder liners, 
cylinder heads, pistons, connecting 
rods and other heavy parts? What 
were the causes of the breakages? 
Have they been removed? 


Were the above parts replaced or 
repaired, and if repaired, how was 
it done ? 


How long was the locomotive out of 
service at each time ? 


Can all other repairs be classed as 
< running repairs >? If not, enu- 
merate those which cannot. 


How many miles (or how many 
hours) does a locomotive rum before 
the crank shaft bearings or crank 
pin bearings require adjustment— 
taking out shims, replacement of 
shells? Indicate whether shells, 
lined with white metal. are of steel 
or bronze. 


What is the average wear of bearings 
on time or mile basis? 


What is the average wear of jour- 
nals and pins? 


What is the average wear of pistons? 


What is the average wear of piston 
rings? 


Delauvare, Lackawanne 


& Western. } 


“ 


Cracked combustion chamber.|None of enumerated 
placed due to breakage. 


Water pump impeller loose 
on shait. Yes. 


Replaced. 


Nine days. 


None replaced. 


No time out of service on 


account. 


Yes. 


. 


14000 miles; steel shells lined|]Once each 1500 hours 


with white metal. 


No data. 


No data. 


Negligible. 


vice by takin 


out 


steel shells lined with ba’ 


| 


| 
| 


Average wear 0.003 ine 
1500 hours of service. — 


Not available. 


——————————————————aYyPeEeEeEeEeEeEeEeEeoooaIEIEIEEIEIEIlIlIE————E——eEeeEEEE 


Ps 
f 


ailroads. 


ee 
‘ww York Central. Illinois Central. Hoboken Manufacturers’. Donner Steel Co. 
ia 


eas 

A 

None. No. Cracked crank ‘pin|No. 
bearings. Yes. 


None. Replaced with new ones. 
/ 
None. Work done on Sundays and 
4 when locomotive was 
stored. 
+ 
| battery locomotive/Yes; running repairs. Yes. : Yes. 


0; repair of fuel oil 
ion pump shaft and 
butor valve, 


tive type IV — main}No adjustments to date on}1 000 hours. Shells of steel 4200 hours. Shells are of 

ngs and connecting} crank pin or crank shaft} lined with white metal. steel. 
earings were ad-| bearings necessary. 

d twice in first two 

hs. Three months 

they were adjusted 

. No further adjust- 

in last 7 months of 

‘rst year of opera- 
Locomotives types 

ad VII — not suffi- 


service. 

tive type IV —main|No record — bearing injAbout 0.003 inch every/25 000. miles calculated on 

ag 0.0015 inch, con-| good condition. 1 000 hours. 6 miles per hour switch- 

2 rod bearing 0.003 ing service (between 

in 4800 hours loco- taking out shims? — A, 

‘e service. Not suf- L.). 

ft experience with 

locomotives. 

rds. No record — journal in}Do not know — haye had|From 0,008 inch to 0.010 
good condition. no cause to renew. inch in 4200 hours of 

service. 
a available; engine|No record — pistons in ave Have noticed no wear 
lot heen dismantled.| good condition. date. 
ses No record — piston rings in ‘ee 


good condition. 


Number of 5 


question as listed 
in 


180 


181 


182 


183 


184 


485 


186 


187 


188 


the questionnaire 


QUESTIONS, 


What is the average wear of cylinders 
or cylinder sleeves (liners) ? 


When and how often are piston rings 
replaced on account of wear? What 
percentage of piston rings break 
within a certain time(six months) ? 
What is the average life of rings? 


What is the average wear of wrist 
(gudgeon) pins, and their bearings? 


Is wear in piston grooves noticeable, 
and how is this beimg taken eare 


of? 
When are pistons replaced? 


Have any advantages been found in 
the split - skirt - constant - clear- 
ance pistons with respect to main- 
tenance of cylinders, pistons, piston 
rings and other parts? 


What difficulties have been eape- 
rienced with valves in cylinder 
heads? How have they been reme- 
died? 


How often must intake and exhaust 
valves be ground? When and how 
often are they replaced? 


Are valve cages being replaced? If 
seats are direct in the cylinder 
heads, are replacement seats insert 
ed? 


Do valwes get stuck? What are the 
causes and remedies? Of what 
material are guides for valve stems 
made? Have special bronze guides 
for valve stems been tried? 


Delaware, Lackaw 


Reading. é& Western. 


Once a year. 17 %. Ten months.|None replaced on aod 
wear. Not available, 


No data. Not available as to pins. 
ings 0.003 inch it 
hours. 

Yes in -firing ring grooves.|Yes;; average about 0. 


Not sufficient to he 
care of since engi 
placed in service. 


Return grooves. 


None replaced since en 


Not necessary to date. 2 ‘ 
placed in service. 


Not used. Solid skirts in use 
engine. 
Pitted exhaust valve. Used|No difficulty experie 


nickel-chrome valves. date. 


Once a year. Ground on average on 


year; none replaced 


None to date. Valve cages not used 
i are direct in heads 


difficulty experienced 


valves occasionall 
from carbonization w 


Yes; carbon on valve stems,| Yes, 
causing. valves to stick in 


guides. Remedied by appty-| removed hy appl 
ing kerosene. Steel. No. kerosene. Guides 
stems are of ¢ 


Bronze guides have 
tried. 


_ New York Central. 


a 


> data available; engine 
has not been dismantled. 


. 


> difficulty except as co- 
vered under No. 189. 


Qi 


) valves ground or replac- 
ed yet. 
. 


> cages on locomotives 
‘types IV and VI. On 
locomotive type VII no 
cages replaced; no repla- 
cement seats. 

a type IV valves stuck 
When new, not sufficient 
clearance; normal wear 
relieved condition. Gui- 
des of cast iron. On type 
VII, guides of bronze; 
valves stick due to car- 
‘bon deposits; often reme- 
died by applying kero- 
sene. On type VII valves 
do not stick. 


re 


Illinois Central. 


No record — cylinders in 
good condition. sf 


No replacement to date for 
wear or breakage. 


Wrist pins and bearings are 
in good condition. 


No noticeable wear in pis- No. 


ton ring grooves. 


No piston replacement to! When worn or broken. 


date. 


None to compare with, as 
we have only one engine. 


None to date. 


None ground to date. 


None to date. 


No. Guides are of bronze,|No. 


stems are of steel. 


None to date. 


None. 


None as yet. 


Cast iron. 


Hoboken Manufacturers’. 


Donner Steel Co. 


Have no information to 


date. 


About 0.006 inch in 4 200 
hours of service. ~ 


Not noticeable to date. 


Have no information to 


date. 


Have no split shirt on pis- 
ton. Piston is solid. 


None. 


Ground after 10000 hours 
of service; no valves re- 
placed to date. 


Seats are in cylinder heads 
and cannot be replaced. 


When. new engine is put in 
service, exhaust valves oc- 
casionally stick due to 
close clearance and ex- 
pansion of valve stem 
before it has seated. 


920 
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190 


191 


193 


194 


195 


196 


the questionnaire 


QUESTIONS. 


How often do valve springs break? 
What is the average life of a valve 
spring? 


What difficulties have been expe- 


rienced with fuel vawes ana 
sprays? How often are they in- 
spected? When and how often are 


they being replaced? 


Are rubber seal rings wsed at the 
bottom of the water jacket (when 
the cylinder liner is removable)? 
Do they give trouble? How is the 
trouble being remedied? 


Has any corrosion of steel parts in 
the crank case been observed? 
How is this being eliminated? 


Has any difficulty with lubrication 
been met with? How has it been 
cured? 


What is the experience with the fuel, 
lubricating oil and water circulat- 
ing pumps? Which parts require 
renewal and how often? 


What is the wear of the fuel pump 
plungers? When and at what 
intervals are they being replaced? 


What material is used for the strai- 
ners in the fuel oil and lubricating 
oil-filters? How often is this ma- 
terial renewed? 


At what intervals is the inspection of 
electric equipment (brushes and 
commutators of generators and mo- 
tors, relays, storage batteries, etc.) 
made? : 


Have difficulties with commutation 
been eaperienced, and how were 
they remedied? 


Have there been any cases of over- 
heating of motors, and what were 
the results? 


Reading. 


Delaware, Lackawanna 
& Western. 


Only two broken valve springs|No difficulty experienced 


in two years. 


Leak. Whenever oil 
smokes. 


Not used. 


valve spring breaking. Ave 
age life data not availa 
| 


engine|No difficulty experienced. 


spected each 


six month 
None replaced. 


Cylinder liners not used. 


No corrosion observed to . 


Excessive use of oil; changed|No difficulty experienced 


grade. 


None to date. 


No data. 2 years. 


Copper screens, two years. 


Once a week. 


None. 


Yes : 


burned out armatures. 


lubrication. wl 


No difficulty experienced. | 


| 
No difficulty experienced; nom 
replaced. | 


a 


Fuel oil lubricator has Mon 
metal strainers; not repl 
ed. Lubricating oil filter 
flanel bag strainers; repl 
ed each six months. 


Onee each month. 
No difficulty experienced. 


No overheating of motors & 
perienced. : 
A 
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‘Railroads. 


New York Central. Illinois Central. Hoboken Manufacturers’. Donner Steel Oo. 
5 broken to date. No breakages to date, so no|Never had any broken. Have had no valve springs| 
life can be given. broken. No information 
to date. 
every three months;|No difficulties; no replace-/Have had none; inspected|None; every six months. 
_ replacements. ments; inspected each} monthly. 
week. 
{on type VII. No trou-/None used. No removable - Cylinders are cast integral; 
n liner in cylinder. no liners. 
i 
i No corrosion to date. None. No. 
t on locomotives types|No lubrication difficulties|None. None. 


‘and VII. On locomo-| to date. 
fe type VI inadequate 
pply of oil; added an- 
er lubricating oil 
=e 


locomotive type IV no|No trouble with pump and No trouble with fuel or|No trouble; no renewal. 


yuble except leaks; on| no renewals. lubricating oil pumps; 

pe VI broke lubricating water pump has to be 

pump shaft. repacked every month. 

ata available; no repla-|No record. Not removed to|Have had no wear. None to date. 

nents. date. 

ilters. eh. Lubricating oil filter has|Fine wire mesh. Fine mesh screens; no rene- 
brass strainers; no rene- wals to date. 
wals. 

7 for adjustments and|On monday of each week.|Hvery week on Sundays. Iivery week. 

fects; monthly — a 


orough inspection and 
acking of bearings, clea- 
aces, etc. 


No trouble. None. No. 


No overheating of motors.|None. No. 


rent from that of ordinary locomo- 
tives? If so give comparative 
figures. 


the railroad should not be used in con- 
nection with information on expenses. 
Column 2 gives the number of hours 
the locomotives had been working on 
each particular road during a certain 
period of time. Roads D-and L gave sta- 
tistical data for one year (1928); road A 
for two years (1927-1928); other roads 
for the whole time since placing the loco- 
motives in service. For steam locomo- 
tives the roads gave statistical figures 
for a year preceding, or during, the ser- 
vice of the oil-electric locomotives, which 
were assigned to do the same kind of 


switching work. Practically all -rail- 
roads stated the number of hours of 
actual work; only one road (L) gave 
the number of miles instead of hours, 
and another also stated the number of 
cars handled in addition to the number 
of hours. The information regarding the 
number of cars has been omitted from the 
table, as it had no comparative value. 


As to road L, the number of hours was - 


estimated for the table on the basis of 

six miles per hour, as prescribed by the 

Interstate Commerce Commission, 
Column 3 shows the amount of engine 
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z Ans’ 
2328 QUESTIONS. 7 
aS 3 Reain : Delaware, Lackawanna 
ZZ = se & Western. | 
204 | Do the storage batteries require addi- }Not in ordinary operation. No additional recharging fi 
ew tional recharging, and how is this necessary in service. 
being done? 
4 
244 Have uny difficulties been experienced |Yes. No difficulty experienced. 
with the air compressor, starting 
outfit, radiators, heaters, sanders, 
ete.? 
242 How often are the apparatus enu- |Every 3 months. Inspected every two weeks. 
merated in the preceding item in-* 
spected? 
| 
221 State in which respect mechanical |No difference. Relatively the same. 
parts of internal combustion loco- 
motives are inspected and repaired 
differently from mechanical parts 
of other locomotives, 
222 Is the wear of mechanical parts diffe- |No. qi 


aed 2 


trp 


re 
aa 


mes 4 


Vew York Central. 


| 


Illinois Central. 


types IV and VII. 
e VI burned out 


ld oi 
er motor. 
1 sanders when first 
aced in service. 


ly to questions 154}Inspection is made before Weekly on Sundays. 


+ on locomotive type IV.| Inspection 
ir types VI and VII not 
fficient experience. 


radiator 
Trouble 


on 


leaving terminal to ‘see 
that apparatus are oper- 
ating properly. After- 
wards they are inspected 
weekly and monthly. 


once a_ week. 
Steam switchers are in- 
spected once a day or 
every two shifts of 8 hours 
each. 


Have no figures and can|No, 


make no comparison as 
no repairs have been 
made, 


Hoboken Manufacturers’. 


About the same. 


Donner Steel Co. 


= Batteries do not require|No.” No. 
{ recharging regularly but 

ees on, ‘occasion it is done 

i) from .a house line at 

; motor house inspection 

¥ shed. 

difficulties on locomo-|None to date. None. No. 


Each week. 


class of mechanic. 


The wear 


crew wages for the number of locomotives 


and the period of time included in column 


»°2. The number of men in the crew on 
_ roads A, C, D, G and K is one; on other 


_they—are. given in- table VI. 


roads there are two men in the crew. 
This accounts for the difference in the 
cost of crew per hour, which can be ob- 
tained by dividing figures of column 3 
by corresponding ” figures of column 2; 
For the 
above five Toads with one-man crews they 


ate respectively in’ ‘dollars per hour’: 
1.079; , 1.228* '0'983,; “0.999; 0.944. 


other roads. with two-men crews, they 


For 


a 


fluctuate from 1.545 to 1.654. The average 
for all roads is $1.35. For steam loco- 
motives they vary from 1.631 (road B) to 
2.078 (road C), with an average of $ 1.85. 
The wages of the conductor and trainmen 
are not included in the table. | 
Column 4 shows engine house expenses 
and the cost of supplies. For oil-electric 
locomotives this seems to be a very inde- 
finite expense item. It fluctuates from 
nothing to 0.603 dollars per hour (see 
table VI — Road C), depending upon 
conditions of work, mainly upon condi- 
tions of storing locomotives between 


The repairs require a better 


is much slower. 


G 

‘ 

. 
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Railroad Number of hours | ; Engine house Cost of fuel Cost of lubricatil 
(conventional of work Sngees expenses for main engine oil and 
crew wages. 


designation). of locomotives. | and supplies. and auxiliaries. other lubricants 


Oil-electr 

A 6 924 7 473.94 3 594.05 1 164.03 _ 245.86 

B 14 762 22 782.75 8 172.57 3 195.22 4 080.89 
c 9 123 44 201.87: 5 502.22 1 938.36 547.00 
D 5 185 5 095.48 420.80 1 112.49 457.68 | 
E 16 874 27 443.74 (2) 4 075.20 1 324.19 | 
G 3 225 3 498.83 203.32 761.40 169.76 | 
K 9 140 8 624.29 (2) 1 256.30 448.70 
th Gi) 4 985 (3) 8 243.20(4) 679.43(5) 1 333.98 592.24 | 
M (7) 2 560 4 234.52 157.62 858.86 137.71) 
Steal 
\ | 
A 4 929 3 638.55 16.38 1 746.55 38.77 @ 
B 2 183 3 559.66 4 373.73 2 323.09 65.43 
Cc 5 494 11 414.40 3 505.00 8 204.99 . 143.69 i 
D 5 485 9 405.56 304.36 iy, A IGTESD ; 73.44 ' 
E (6) (6) 6) (6) |: 6) 
K 2 909 5. 149.64 2 394.85 4 163.18 250 64 | 

L 


(6) ; (6) (6) (6) 6) 


(4) Included in other items. —- (2) Included in engine crew wages. — (8) Estimated on basis of locomo 
locomotive mile. — (5) Estimated as difference between total and other items. — (6) Data not communicated | 
300-H. P. locomotives (types I and III). —- (8) Double fixed charges are included in the total cost of operati 
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7 | 8 9 10 rm 12 | 13 
——————— 
| i of Be oi Total of ee al eee moe Fg ouarzee of operation 
for heating. and repairs operating cost. per hour (interest and Ree y Pete eS cates 

(maintenance). ot work, depreciation). fixed charges. | 
> 
lcomotives. 

30.00 4 770.80 17 275.68 2.495 41 101.32 1.603 4 098 
(1) 16 082.81 Si 344.24 3.476 47 073.48 saul 4.663 
223.64 7 143.64 26 526.70 2.908 33 620.40 3.685 6.538 
34.44 5 576 79 12 697.35 2.448 10 8411.00 2 085 4.533 
10.63 13 824.91 46 645.64 2.765 18 300.00 4,085 3.850 
(Ay 5 226.48 9 559.79 2.964 : 6) 6) 
198.48 8 692.94 19 220.71 2.403 15 145.83 1.656 3.760 
61.20 6 674.07 17 584.09 (4) 3.527 9 820.80 1.970 5.497 
(1) 1 332 34 6 718.05 2.624 (6) (6) 
icomotives. 
2 101.76 7 542.04 3,894 429.65 | 0 067 3.964 
87.34 2 075.36 9 484.64 4.345 1 717.00 0.787 5.9418 (8) 
347 54 5 475.61 29 090.93 5.295 5 280.00 0.964 6.256 
17.78 3 762.80 47 395.50 3 355 4 275.00 0.825 4.480 
(6) (6) (6) 3.370 (6) 0.538 3.908 
192.00 2 676.20 14 823.48 5.096 525.00 0.184 5.276 
(6) (6) (6) 5.140 4 500.00 0.903 6.043 
ailes assuming 6 miles an hour in switching service. — (4) Estimated on basis of locomotive miles and data per 
ailroads. — (7) Data for these roads are for 600-H.-P. locomotives (type II), Data of roads A.-K. are for 


or the reason that on road B each oil-electric locomotive replaced two steam locomotives doing the same work. 
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liours of service. Same is true for steam 
locumotives; oa road A engine house 
expenses amount to only $0.008, while on 
road K they are $0.822 per hour. 
Columns-5 of tables V-and-VI are very 
interesting; they show where the economy 
of the oil-engine locomotive lies. The cost 
of-fuel oil and gasoline for auxiliaries 
fluctuates from 13.7 (road K) to 24.2 
cents (rord E) for 300-H:P. locomotives. 
For 600-H. P. locomotives this item goes 
up to 33.5 cents per hour. The reason 
for fluctuation is the same as given in 
reference to table III, mainly the varia- 
tion in load factor of the oil-engine and 
also the difference in price of fuel oil. 
The latter fluctuated from 3.4 cents (road 
L) to 7.7 cents (road B) per U.S. gallon. 
On road Bit dropped later to 4.3 cents. 
On other roads it was about 5 to 6 cents 
per U.S. gallon, For steam locomotives 
the cost of fuel was 78.5 cents (road D) 
to $1.783 (road L) per hour, depending 
upon the size of the locomotive, with 
prices for coal ranging from $3.81 to 
$7.48 per ton of 2000 Ib. ; 
The average cost of fuel for 300-H. P. 
cil-engine locomotives on roads A-K is 
20.7 cents per hour, whereas the average 
corresponding figure for steam locomo- 
tives on those of A-K roads, for which data 
are available, is $1.457 per hour, a saving 
of 95 cents per hour, or of 82.1%. The 
corresponding figures for 600-H. P. loco- 
motives on roads L and M, and for steam 
locomotives on road L (no data for road 
M have been communicated) are 29.1 
cents and $1.783, representing a saving 
of 83.7 %. The average figures for all 
roads are 21.6 cents for oil-engine loco- 
motives, and $41.295 for steam locomo- 
tives, with a saving of 83.4 %. Thus, the 
cost of fuel on oil-electric switching loco- 
motives is less than one-sixth of that on 
steam locomotives doing the same work, 


resulting in a saving of $1.08 per hour 
in favor of the oil-engine locomotive. 

Column 6 shows that the cost of lubri- 
cation fluctuates between’ 4.9 and 41.9 
cents_per hour, compared with 1.4 and 
8.6 cents per hour for steam locomotives. 
The averages are 6.9 cents and 3.0 cents 
per hour for oil-engine and steam loco- 
motives respectively, making a difference 
of 3.9 cents per hour in favor of the steam 
locomotive, and reducing by that amount 
the saving in fuel cost on the oil-engine 
locomotive. 

The cost of water and fuel for heating, 
represented by columns 7, is negligible. 

Column 8 shows @ rather wide variation 
in cost of maintenance of oil-electric lo- 
comotives from $0.52 to $1.621 per hour, 
with an average of $0.952. Maintenance 
of steam locomotives is more uniform, 
fluctuating between $0.726 and 1.09, with 


“an average of $0.914, although the age of 


the steam locomotives under considera- 
tion varied from 10 to 63 years. Thus 
the cost of maintenance of the oil-electric 
locomotives is practically the same as 
that of the steam locomotives. 


Column 9 of table V gives the total 
operating cost for each road. 
sum total of columns 3 to 8. Column 410 
shows the total cost of operation per one 
hour of work, with a variation for diffe- 
rent roads between $2.103 (road K) to 
$3.527 (road L), and an average of 
$2.852 (table VI). For steam locomotives 
the fluctuation is from $3.370 (road E) 
to $5.295 (road C), and the average is 
$4.581, or $1.729 more than the average 
net operating cost of the oil-electric loco- 
motives. The fixed charges on investment 
(interest and depreciation) have not been 
taken, so far, into consideration. 

The corresponding average figures for 
only 300-H. P. locomotives on roads A-K 
are $2.809 and $4.424 with a difference 


limissag 
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ot $1.615 in favor of the oil-electrie loco- 
motive. 

The most interesting columns are 114 to 
13, as they show how the saving of the 
oil-engine locomotive is partly offset by 
the higher fixed charges on investment. 
Column 11 of table V gives the total fi- 
gures of interest and depreciation, as 
estimated by the respective railroads, 
both for oil-engine and steam locomotives. 
Column 412 represents the same figures 
referred to one locomotive-hour, and 
column 13 is the sum total of the columns 
10 and 12 giving the total cost of opera- 
tion, including fixed charges, It can be 
seen that interest and depreciation as esti- 
mated by the railroads vary in wide 
limits for oil-electric locomotives from 
$1.085 to $3.685 per hour, depending 
partly upon the utilization of locomo- 
tives, namely, upon the number of hours 
of work per year, but mostly upon the 
variation in the rate of interest and de- 
preciation considered by the railroad as 
a fair basis for calculation. For steam 
locomotives the variation is still larger 
— from 6.7 to 96.1 cents per hour, de- 
pending also, in addition to the above- 
mentioned two causes, upon the price of 
the steam locomotive built some twenty 
or thirty years ago. The average of fixed 
charges per hour of work is about one 
dollar higher for the oil-electrie locomo- 
tive than for the steam locomotive, reduc- 
ing the average economy obtained from 
the operation of the former from $1.729 
to about 80 cents per hour as compared 
with the latter. 

A closer analysis of the figures for 
each road separately would be of value 
for the proper understanding of this im- 
portant phase of the exploitation of oil- 
electric locomotive. 

Road A assumes a six per cent rate for 
interest on the investment and a three per 
cent rate for depreciation. These charges 
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for the reported period of time amount 
to $14 101.32, or $1.603 per hour for the 
oil-electric locomotive, and to only 
$129.65, or 6.7 cents per hour for the 
steam locomotive. The latter, which is 
the one actually replaced by the oil- 
electric locomotive, was an old locomotive 
built in 1865 and the cost of the locomo- 
tive was assumed by the railroad to be 
$2:881.05. The comparison, therefore, 
is not in favor of the oil-electric locomo- 
tive, for which the railroad paid several 
years ago about 61000 dollars, and the 
result is that an economy of $1.399 in the 
cost of operation is turned into a net loss 
of 13.7 cents per hour. 

Road B has a similar scale of rates — 
six per cent for interest and two and one- 
half per cent for depreciation — but the 
steam locomotives replaced by the oil- 
electrics are of more recent origin, and 
their value is placed at $20000. Besides, 
the oil-electrics are being utilized to the 
extent of 16 hours a day and their fixed 
charges amount, therefore, to only $4.157 
per hour. On the other hand, the steam 
locomotives could not be utilized more 
than 12 hours a day, and their fixed 
charges, in spite of the lower cost of the 
locomotives, went up to 78.7 cents per 
hour. Moreover, in view of the greater 
availability of the oil-electric locomotive, 
each of them replaced two steam engines. 
As a result, the total operating cost per 
hour of work of the oil-electrie locomo- 
tives, including fixed charges, amounted 
to $3.467 + 1.157 = §$ 4.663, and for the 
steam locomotives to $4.345-+-0.787-L0.787 
= $5.918, representing a net saving of 
$1.56 in favor of the oil-electric for each 
hour of work. 

Road C assumed a higher rate of de- 
preciation, namely, five per cent, calculat- 
ing interest at the usual rate of six per 
cent. At the same time the utilisation of 
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| 

Tas 

Cost of operation. per one locomotive-hour, of oil-electric switching locomotiv 
{ 


i 2 3 a 4 | 5 


Per one h 
| iMG bce!!! 
j Railroad : e 4 
| (conventional designation). Ab EE al A iat ee ae in ace 
and supplies. and Bae | 
4 
Oil electric 
| A | 6924 | 1.079 0.519 | 0.468 
| B . 14 762 1.543 0.553 0.246 | 
| C 9423 1.228 0.603 | 0.242 
| D 5 185 | 0.983 0.084 0.245 . 
| E 16871 | 4.625 (2) 0.242 
G 3205 | 0.992 0.063 | 0.236 
| K . 9 140 0.944 (2) | 0.437 | 
L m | 4 985 (3) | 1 654 0.1396 | 0.268 
| M am | 2 560 1.653 0.064 | 0.385 
Average of totals . . | > ) 1.350 0.257 | 0.246 
Steam 
| A 1.929 1.886 0.008 0.890 
| B | 2.483 4.631 0.629 1.064 
Cc 5.494 2.078 0.638 1.493 
| D 5.485 1.756 0 059 0.785 
E (6) | (6) | * (6) (6) 
K 2.909 1.770 | 0.822 4.434 
L 4.985 (5) | 1.824 (4) | 0.548 (4) 1.783 ( 
Average of totals . . Ee } 1.850 | 0.455 . 1.295 
ee ee 


(4) Included in other items. — (2) Included in engine crew wages. — (3) Estimated on basis of locomo} 
(5) For calculation of averages, the number of locomotive-hours is assumed to be equal to thal of | 
are for 600-H. P. locomotives (type II). Data of roads A-K are for 300-H. P. locomotives (types I and 
road each oil-electric locomotive replaced two steam locomotives doing the same work. — (9) Not inel e 
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‘ork of heeaoatine: 
F oe ; Cost of water ; a : Fixed charges aoe a 
lubricating of inspection Total cost ; 8 of operation 
Uand other Bn. and repairs of operation. seit taas including 
ubricants. (maintenance). praciation): tixed charges. 
ocomotives. 
| 0.036 0.004 0.689 2.495 1.603 4.098 

0.078 | (1) 1.089 3.476 4.457 4.663 
q 0.060 0.024 0.780 2.908 3.685 6.538 

0.088 0.007 1.076 2.448 2.085 4.533 
0 078 0.004 * 0 849 2.765 4 085 3.850 

| 0.053 (1) 1.621 2.964 | (6) 

— 6.049 0.022 0.954 2.108 1 656 3.760 
0.449 | 0,082 1 339 3.527 1.970 5.497 
0.054 ‘ (1) 0 520 2.624 (6) 

0.069 | 0,008 0.952 2.852 1.727 4.579 
comotives. 

0.020 aoe 1.090 3.894 | 0.067 3.961 

0.030 0.040, 0.954 4.345 | 0.787 | 5.948 (8) 

0.026. 0.068 0.997 5.295 | 0.961 6.256 

0.014 0.015 | 0.726 3.955 | 0.825 | 4.480 

(6) (6) (6) 3.370 (9) | 0.538 (9) | 3.908 (9) 
0.086 0.066 | 0.920 5.096 0.484 5.276 

0.024 (4), 0 029(4) 0 932 (4) 5.140 0.903 6.048 

0.080 0.037 0.914 | 4 584 0.724 5.382 (8) 

; assuming 6 miles an hour in switching service. — (4) Estimated on basis of data per locomotive-mile: 


i¢ locomotives on the same road. — (6) Data not communicated by railroads. — (7) Data for these roads 
Ouble fixed charges are included in the total cost of operation for road B for the reason that on this 
verage below. : 


gio 
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the oil-electric locomotive was only about 
six hours a day. This resulted in very 
high fixed charges amounting to $3.685 
per hour, more than thrice that on road B. 
The steam engines with which the oil- 
electric locomotives are compared were 


built in 1898 and 1903 at the price of - 


$16 000 each. The corresponding fixed 
charges amount to only 96.1 cents per 
hour, which, while high for a steam 
engine, is much lower than those for the 
oil-electric locomotive and notwithstand- 
ing the enormous saving of the oil-electric 
locomotive in operating cost (about $2.39 
per hour), the total cost of operation of 
the latter is in this particular case 28 
cents per hour more than that of the 
steam locomotive. ; ‘ 
Roads D and E have the same rates for 
interest (6 %), and almost the same rates 
for depreciation (31/2 % and3 %). The 
prices of the steam locomotives are about 
the same ($25 000; $20 000 and $22 500), 
although the utilization of the locomo- 
tives is different — about 8 hours a day 
on road D and 16 hours on road E. The 
fixed charges per hour are, accordingly, 
on the two respective roads, $2.085 and 
$1.085 for the oil-electric locomotives, 
and 82.5 and 53.8 cents for the steam 
locomotives. However, on road D the total 
cost of exploitation of the oil-electric is 
more expensive by 35 cents per hour than 
that of the steam locomotive — this in 
view of the low utilization of the locomo- 
tives in this kind of work. On road E the 
total operation costs are almost identical 
for oil-electric and steam, probably be- 
cause the cost of operation of the steam 
locomotive per hour (column 10) is very 
low. As the latter cost is not itemized on 


that road, a further analysis is not pos- 


sible. 

On road K the rate of depreciation is 
three per cent, the same as on the majo- 
rity of other roads, but the rate of interest 


is only four and one-half per cent instead 
of six. On the other hand, the price of 
the steam locomotives replaced by the 
oil-electrics is $7000 each, and the uti- 


lization of locomotives in this service is | 


about nine hours a day. In view of this, 
the difference between fixed charges for 
oil-electric and steam locomotives is ap- 
preciable, namely, $1.475, notwithstand- 
ing the low interest rate. However, the 
saving in the cost of operation by the 
oil-electric is so high (about three dollars 
per hour), that the net saving amounts to 
$1.52 per hour. 

On road L a 600-H. P. locomotive is 
utilized 16 hours a day, and although the 
cost of the steam locomotive built in 1948 
has been estimated by the reporter, in 
accordance with the general dimensions 
given by the railroad, to be as high as 
$50 000, the fixed charges for the oil- 
electric locomotive exceed those for the 
steam locomotive by more than one dollar 
per hour, reducing the economy in favor 
of the oil-electric to 55 cents. 

No fixed charge estimate has been ob- 
tained from road M. 

A further discussion of this subject is 
given at the end of the next chapter. 


G. — Summary, 


The experience with oil-electric locomo- 
tives on American roads has already esta- 
blished certain facts which have been 
compiled and stated in the foregoing 
chapters. This experience also indicates 
certain trends in the design and operation 
of oil-engine locomotives which the 
author thinks may not be amiss to discuss 
in the light of the information received 
from the railroads. 


Diesel engine. — All Diesel engines in 
use at present are of the high speed, light 
weight type, the speed varying between 
500 and 800 r. p.m. The only exception 
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is the New York Central McIntosh and 
Seymour engine on locomotive type VII, 
which has a speed of 310 r. p. m., but it 
is doubtful that this practice will be con- 
‘tinued, as the same McIntosh and Seym- 
our Corporation is now building locomo- 
tive engines with 700-800 r. p. m. 

The reason for raising the speed is 
obviously the desire to reduce the weight 
of the oil-engine and of the generator. 
It is too early to establish what weights 
should be considered most economical. 
With the exception of Beardmore engines, 
which weigh about 20 Ib. per horse 
power, the weight of locomotive oil- 
engines in service is in the neighbourhood 
of 55 to 63 lb. per H. P. This is consi- 
dered hy some builders to be too high, 
and attempts are now being made to 
develop engines weighing about 40-45 lb. 
per H. P., or even below 40 Ib. The high 
speed engines require certain refinements 
in design and construction, the use of 
more expensive alloys, such as aluminum, 
cast steel, etc., and as a consequence, they 
are not cheaper for the same power, in 
spite of their light weight. While not yet 
definitely proved by actual figures, the 
indications are that {he maintenance of 
high speed engines is more expensive 
than that of the lower speed engines; 
this may also prove to be true for the 
rate of depreciation. In addition to that, 
it seems useless to go to extremes in ligh- 
tening the engines in cases when weight 
is needed for adhesion. The weight of 
the moderate speed engine usually re- 
presents from 12 to 18 % of the total 
weight of the locomotive; thus, if the 
weight of the engine could be reduced 
by as much as 50 %, this would amount 
to only 6-9 % of the total weight of the 
locomotive, which may not be of import- 
ance in all cases. For switching and 
partly for freight service some extra 
weight may be desirable, and in other 
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cases it is very probable that the saving 
in cost of the mechanical parts of the 
locomotive due to the lighter engine 
would be offset by the higher price of 
the high speed oil-engine. 

There is, therefore, an economical 
lower limit to the weight of the locomo- 
tive oil-engine. The Canadian National 
2 660-H. P. locomotive with two Beard- 
more light weight engines is of great 
interest and importance, and when fi- 
gures of total cost of operation of these 
locomotives, including fixed charges, will 
become available, they will undoubtedly 
be of the greatest value. At present the 
author’s opinion, based on the available 
experience with switching locomotives, is 
that the most.economical weight for these 
purposes lies somewhere between 40 and 
50 Ib. per horse power. It is also this 
feeling that for road service the weight 
should be between 30 and 40 Tb., the lower 
figures applying to passenger service. 

In conformity with the above, it is also 
the author’s opinion that the speeds of 
the oil-engines will in the future proba- 
bly vary between 500 and 800 r. p. m,, 
the lower figures for engines of higher 
output. 

As to the number and location of cylin- 
ders, the straight six-cylinder vertical 
type, and twelve-cylinder V-type, are in 
use, the former, though. predominating. 
Kight-cylinder vertical engines are not 
used at all on locomotives, probably for 
the reason of their inferior running qua- 
lities with regard to balancing and criti- 
cal speeds. The twelve-cylinder V-type 
has the advantage of resulting in a shorter 
engine with smaller cylinders which 
do not require piston cooling. The V-type 
has, therefore, some possibilities for 
large power, although the straight verti- 
cal type will always have the advantages 
of simplicity and better accessibility. 

All oil-engines in use on American lo- 
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- comotives are of the four-cycle type, pro- 
bably for the reason that there has not 
yet been developed a satisfactory high 
speed two-cycle engine. 


With the exception of the Metniosh 
and Seymour engines on locomotives 
types III and VII, all oil-engines in Ame- 
rica are of the solid injection type, which 
seems to have already conquered the rail- 
road field. It is very unlikely that air 
injection type engines will be built for 
locomotives in the United States, at least 
in the near future. The McIntosh and 
Seymour Company itself is developing at 
present solid injection high speed engines 
for locomotives. 


Of great importance for the develop- 
ment of the locomotive oil-engine is. the 
question of the clearness of the exhaust. 
The possibilities of the two-stroke cycle 
in competition with the four-stroke cycle, 
high speeds versus moderate speeds, solid 
injection as compared with air injection, 
will always depend on the operation of 
these types with respect to smokelessness. 
It may not be necessary to have an abso- 
lutely invisible exhaust, but an exhaust 
which would not be objectionable to city 
authorities is of great importance. For 
service on city tracks and in terminals 
within city limits, the question of smoke- 
lessness will be of great consequence, 

The two-cycle properly supercharged 
engine may be superior with regard to 
puso alesanass to a four-cycle engine. The 
experience with the Danish Burmeister 
and Wain engines seems to prove this. 
A well supercharged four-cycle engine 
may also give a reasonably clear exhaust. 
In this respect the new four-cycle 1 000- 
B. H. P. Krupp engine installed on the 
Baldwin locomotive and the 41 400-B. H. P. 
Krupp engine for the Boston and Maine 
Railroad, ‘both with supercharging (see 
Appendix II), will be of great interest. 


In the opinion of the reporter, the pre- 
sent trend in development of the locomo- 
tive oil-engine is to settle on the six-cylin- 
der, vertical, reasonably high speed, solid 
injection, four-cycle engine, with further 
studies of the possibilities ‘of the V- -type 
arrangement, two-stroke cycle and super- 
charging, especially for larger power. 


Power transmission. — All American 
oil-engine locomotives are of the electric 
transmission type. A locomotive with 
gear transmission and magnetically 
operated friction clutches will soon be 
tested on the Boston and Maine Railroad. 
Tt is very improbable that any transmis- 
sion other than electric will be used for 
switching purposes, and this for the 
reason that in this kind of service, where 
sharp curves, especially within city limits, 
have to be negotiated, trucks to which 
power is more easily transmitted electri- 
cally are indispensable. For road service 
the use of locomotives with gear trans- 
mission or air transmission, following 
the example of the Esslingen locomotive 
now undergoing tests in Germany, or the 
Ausiro-Italian Cristiani locomotive, is 
possible, but not before a reliable type 
will be developped. The reporter’s opinion 
is that it will be long before the electric 
transmission on oil-engine locomotives 
will be replaced by a transmission of 
another type, notwithstanding the fact 
that the electric equipement adds a great 
deal to the weight and cost of the loco- 
motive. 

The electric equipment in use on all 
locomotives in America is either of the 
General Electric or of the Westinghouse 
Company's design and make. The two 
types do not differ essentially from each 
other. The motors are of the standard 
direct-current series-wound traction type 
developed to a high degree of perfection 
for straight electric locomotives. The 
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generators have not been standardized, 
the difference between them depending 
mostly on the system of control and the 
method of driving the auxiliaries. The 
switches and contactors are of the type 
used in ordinary electric locomotives. 


Control. — On locomotives with Gene- 
ral Electric Company's equipment the 
electric control is of the automatic Lemp 
type, as described in Chapter B, whereas 
on locomotives built by the Westinghouse 
Company the control is provided with an 
electro-magnetic torque governor, also 
described above. There is not enough 
available information for a comparison 
of merits of the two systems; both proved 
to be very satisfactory in operation, and 
both will undoubtedly be used in the 
future. 

As to auxiliaries, it is the General 
Eleetric Company’s practice to drive them 
from the exciter, which is designed so as 
to keep the voltage practically constant 
within the whole operating speed range, 
whereas the Westinghouse Company’s 
system is to drive the auxiliaries from 
the exciter at working speeds, switching 
the load of the auxiliaries automatically 
to the generator at idling speed. There 
may be some advantages in the latter 
system, and a further study of the two 
systems of driving auxiliaries will un- 
doubtedly be made. Consideration is also 
being given in some quarters to driving 
all auxiliaries from an independent auxi- 
liary oil-engine. 

In connection with the control, the 
question of the variafion in speed and 
of the idling speed of the oil-engine must 
be considered. It would be possible to 
run the oil-engines at constant speed and 
control the output of the engines by 
regulating the admission of oil, but this 
would not result in good fuel economy. 
It is preferable to change the power by 


regulating both the admission and speed, 
varying the latter from normal to approxi- 
mately one-half. Therefore, practically 
all American oil-engine locomotives are 
equipped with variable speed governors, 
the setting of which is actuated manually 
by a handle. On locomotives with rheosta- 
lic control, the same handle operates the 
electric controller drum. 

The wide variation in speeds necessi- 
fates placing the idling speed sufficiently 
low, somewhere about one-half of the 
rated speed. Apart from the considera- 
tion of fuel economy, it is desirable to 
have the idling speed as low as possible 
in order to avoid unnecessary noise 
during short stops in stations. 

On the other hand, it is difficult to 
keep a large range of speeds in an oil- 
engine free from critical speeds, and 
while it seems possible in some six- 
cylinder, four-cycle engines, to eliminate 
criticals entirely, in others, especially in 
light weight engines, it becomes necessary 
to skip certain speeds, leaving out the 
corresponding notches from the control 
handle and thus not permitting the sett- 
ing of the governor at these speeds for 
continuous operation. They are passed 
through very quickly. 


Water cooling. -— The question of cool- 
ing the jacket water and lubricating oil 
from the oil engine does not offer any 
difficulties. The required size radiators 
for cooling can be easily placed on a loco- 
motive, either on the roof in small 
locomotives. or in special compartments 
with side or front ducts connected with 
the atmosphere, on larger locomotives. 
Practically all locomotives are provided 
with motor driven fans for the circulation 
of cool air, and this arrangement neither 
absorbs much power, nor involves diffi- 
culties in design and operation. 


934 


V-—156 


Mechanical parts. — All locomotives, 
whether of the single unit, or double unit 
type, have double end control. It has 
not been proved that this is necessary, 
especially for switching service, but so 
far no single control locomotives have 
been built except several 250-H. P. narrow 
gauge locomotives which were delivered 
by the General Electric Company to the 
United Fruit Company's plantations in 
Panama (see Appendix II). 

As to the cab, frames, trucks, air brakes, 
wheels, etc., they are of the usual electric 
locomotive type and design, and no disad- 
vantages of this practice have been expe- 
rienced so far. 


Operation. — Neither the handling of 
locomotives nor the maintenance of them 
offers any difficulties. No special qua- 
lifications for the crews on oil-engine 
locomotives have been found necessary. 
The handling of locomotives in terminals 
has been very easily organized on roads 
and the maintenance is conveniently 
taken care of. This will undoubtedly be 
further improved, as the number of loco- 
motives at each point grows. 

A very important feature of operation 
is that sometimes, due to the simplicity 
of control, it is possible to use only one 
man in the crew. This results in a saving 
in crew wages of approximately 50 cents 
per hour as compared with steam loco- 
motives. The most important item in 
operation is, of course, the saving in the 
cost of fuel, which prompted the develop- 
ment of the oil-engine locomotive. In 
switching service it amounts to about one 
dollar an hour as compared with steam 
locomotive operation, resulting from the 
higher efficiency of the oil-engine. In 
conformity with figures given in table IIT, 
it amounts to 10-17 %, or as an average 
about 14 %, which is about six times as 


high as the efficiency of steam switching 
locomotives, including standby losses. 


Operating expenses. — With the excep- 
tion of the two items of crew wages and 
cost of fuel, all items are approximately 
the same for oil-electric and steam loco- 
motives. According to tables V and YI, 
the average saving in crew wages and 
fuel amounts to $4.73 per hour in favor 
of the- oil-electric locomotive. 
amount is partly offset by the higher 
fixed charges. Some roads estimate the 
fixed charges so high that the whele 
saving is totally wiped out; others find 
a substantial economy in the exploitation 
of oil-electric locomotives. 

For the purpose of comparison it is 
desirable to establish a uniform way of 
figuring fixed charges. The average cost 
of operation of a 300-H. P. oil-electric 
switching locomotive has been found to 
give a difference of $1.645 in favor of 
the oil-electric locomotive. Assuming on 
the basis of past experience that the cost 
of an oil-electric locomotive of this size 
is $60 000 and that the price of a corres- 
ponding new steam locomotive is $ 25 000, 
and taking further as a fair rate of fixed 
charges 6 % for interest and 4 % for 
depreciation, we obtain a difference of 
(60 000 — 25.000) x 0.10 = $3500 per 
year. In order to offset this extra cost 
by the economy of the oil-electric, it-is 
necessary to have the latter in operation 
at least “ 


= ® 167 hours a vear 
oO . 


or, 7.22 hours a day, figuring on 300 
days a year. If an oil-electric locomotive 
is operated more than 7.22 hours a day, 
there is a net gain in its favor; if less — 
then the oil-electrie locomotive involves a 
loss. 

It is not unusual for an oil-electric lo- 
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comotive to be in service 16 hours a day 
and 300 days a year, a total of 4800 hours 
a year. The amount which such a loco- 
motive can earn can be estimated as 
follows : 


Oil-electric : 


Operating cost per hour . $ 2809 
Operating cost per year : 
2.8094 800 = 13 483.20 


Cost of locomotiv 
Fixed charges, 10 fo on the 
iayeatment ; 


6 000.00 


$ 19 483.20 


Total cost of operation. 


Steam locomotive : 


Operating cost per hour 

Operating cost per year : 
44244 800 = 24 235.20 

Cost of locomotive — $ 25 000. 

Fixed charges, 10 % on the 


investment as per above. 2500.00 
Total cost of operation. $ 23 735.20 
Net gain per year . $ 4252.00 


This amount is further increased to 
$6722 a year if the oil-electric locomo- 
tive, working 16 hours a day, replaces 
two steam locomotives. The gains can be 
still greater if the locomotive works 24 
hours a day, six days a week, as the case 
is on some railroads. The greater avail- 
ability, meaning the possibility of con- 
tinuous service on the part of the oil- 
electric locomotive, permits the above 
mentioned sixteen and twenty-four hours’ 
utilization and the replacement of at least 
two steam locomotives by one oil-electric. 
This availability is of great importance 
and consequences. 

On the other hand, there are things 
which may influence unfavorably the 
results of these and similar calculations; 
if the railroad has at its disposal old 


steam locomotives, the values of which 
have ‘been either completely written off, 
or the cost of which was originally very 
low, the fixed charges of the steam loco- 
motives are practically nil, and the dif- 
ference between interest on investment 
and depreciation of the oil-electric and 
the steam locomotive goes up accordingly. 
This explains the variety of final figures 


in column 13 of table VI. 
H. — Conclusions. 


1. The oil-electric locomotive has esta- 
blished itself in America as a useful type 
of motive power for switching purposes 
on railroads and in industrial plants. 

2. The use of the oil-electric locomotive 
bas been confined so far to yards and 
tracks within city limits, and because of 
its comparative smokelessness, it has the 
tendency of replacing the steam locomo- 
tive in this kind of service. 

3. The oil-electric locomotive also pro- 
ved to be readily available for service, 


‘reliable, simple and economical in opera- 


tion, the economy depending upon the 
degree of utilization. 


4, In order to realize the economies 
possible under prevailing cost of fuel, 
material and labor, and the existing prices 
of locomotives in the United States, it 
appears that the oil-electric locomotive 
must be utilized to about 2200 hours a 
year. 


. Future Pa trnmient of the use of 
the ‘oil-electrie locomotive depends upon 
the relation between the above mentioned 
costs and prices, and especially depends 
upon the possibility of reducing the first 
cost of the oil-electric locomotive. 

6. The oil-electric road locomotive has 
not yet passed the first stages of experi- 
mentation.. 
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Gasoline-engine locomotives in America. 


There are very few gasoline locomo- 
tives in America. In reply to letters 
sent out to fifty five railroads in North 
and South America, practically all but 
three stated that they have no gasoline 
locomotives, Some of them had gaso- 
line rail cars, which do not ‘come with- 
in the scope of this’report. The Krie 
Railroad has three locomotives with 
mechanical transmission, built by the 
Baldwin Locomotive Works some fifteen 
years ago; the Chicago Great Western 
has one locomotive of a similar type, 
also built by the Baldwin Locomotive 
Works in 1925, and the Chicago, Bur- 
lington & Quincy has a gasoline-electri¢c 
locomotive built by the Mack Interna- 
tional Corporation in 1929. There are 
some gasoline locomotives also in indus- 
trial plants. 

The locomotives with mechanical 
transmission are of the (-4-0 and 0-6-0 
types, with frames, wheels and side rods 
of the usual locomotive design. <A jack 
shaft, journaled in the locomotive fra- 
me, parallel to the driving axles, is di- 
rect coupled to the wheels by means of 
cranks and rods. The jack shaft is 
driven by a gasoline engine, usually of 
the vertical, four-cycle, single-acting, 
carburetor type with. magneto-ignition. 

In the Chicago Great Western loco- 
motive the engine has six cylinders of 
5 3/4-inch bore and 6 3/4-inch stroke, 
developing 225 B. H. P. at a speed of 
1550 r. p.m. At 1250 r. p. m. the out- 
put of the engine is 180 B. H. P., and 
at 1750 r. p. m, it is 245 B. H. P. It 
was built by the Sterling Engine Com- 
pany and is known as _ their Dolphin 
type, model GR. T 6. The engine is 
started from a 32-volt storage battery 
through a small electric motor geared to 
the fly-wheel. The storage battery is 
automatically recharged from a genera- 
tor driven by the engine. 
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A friction clutch is placed in the en- 
gine fly-wheel and the transinission is 
obtained through a longitudinal shaft 
with one bevel pinion and two bevel 
gears for forward and backward direc- 
tion, and a set of spur gears for the 
different speeds. The bevel gears and 
some of the spur gears are set loose on 
their shafts. They are always in mesh 
and are engaged and disengaged by 
clutches. ; 

Radiators of the honeycomb type for 
cooling the jacket water are placed in 
front of the engine. They have forced 
air cooling from a fan driven by the 
extension of the engine shaft. 

The Chicago, Burlington & Quincy 
locomotive has two four-cylinder engines 
with 5-inch bore and 6-inch stroke, de- 
veloping 85 B. H. P. at 1550 r. p. m. 
The two engines are placed crosswise, 
with an operating cab between them. 
Each engine drives a direct connected 
generator of 55 kw., and both engine and 


. generator are mounted on a common 


sub-frame. The locomotive has two Ge- 
neral Electric motors, type HM-840, 
geared to each of the driving axles. 
The starting of the locomotive is ob- 
tained electrically from a 12-volt storage 
battery. The control is of the ordinary 
resistance type. Two control stations 
are provided, one on the right and the 
other on the left side of the cab, each 
station comprising an engine throttle, 
a straight air brake valve, and a sander. 
There is only one direct controller locat- 
ed at the center of the end of the cab, 
where it can be reached from either con- 
trol station. A fin type radiator is 


placed on the roof with forced air cool- 


ing from an electrically-driven fan. 


The general dimensions of the two 


described locomotives are given in table 
VII. 


B 
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TasBLe VII. 


General dimensions of gas-engine locomotives on American Railroads 


Wheel arrangement 


Weight, total, Ib. . 


| Weight on drivers, Ib. . 


Length, overall . 


Total wheelbase . 


Rigid wheelbase 


Diameter of wheels 


Gasoline engine per locomotive . 
Type of engine, cycle . 


Number of cylinders per engine . 


Size of cylinders, inches 


Speed, rev. per minute . 
Rating per engine, B. H. P. 


\System of transmission . 


| Number of speeds . 
| Number of generators per locomotive . 


‘|Rating of generator, kw. 


Motors per locomotive 
Rating of motor, B. H. P. 


Method of starting engine . 


Location of cooling radiators . 


Tractive effort. Ib. 


.|(Chicago Great Western). 


Switching. 
Standard, 4/8 1/2”. 
Baldwin Loco. W. 


0-6-0 


59 000 
59 000 


22-7" 
8/-6” 
SE6" 
36” 

1 
Wtmcke 
6 
OK Oar 

1 550 
225 
Mechanical. 


3 in each direction. 


Electric. 
Tn front. 


9000 in low gear. 


2 600 in high gear. 


5 500 in intermed. gear. 


(Chicago, Burlington 
& Quincy.) 


Switching. 


Standard, 4/8 1/2”. 


Mack Internat. Corp. 
0-4-0 
60 000 
60 000 


19/-1” 


7/-6" 


71-6" 


36 u" 


2 


4-stroke. 


85 


95 
Electric. 


On roof. 


8 860 at 3 m. p. h. 


5 760 at 6 m. p. h. 
3 S60 at 9 m. 
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As to the operation of the locomotives, 
the information obtained ‘is very meagre. 
It is to the effect that only one man is 
required. in-the crew, and that this man 
(the engine driver) on one road is as- 
signed to the locomotive more or less 
permanently, while on the other he is 
being changed occasionally. 
lifications of the driver are about the 
same as for a steam locomotive. The 
handling of the gasoline locomotive is 
found to be less complicated than that 
of the steam locomotive. 


On the Chicago Great Western Rail- 
way the locomotive is operated on the 
Southern Division between Cedar Falls 
and Cedar Falls Junction in Iowa, a dis- 
tance of seven miles, hauling about three 
loaded cars at a time at a speed of 
15 miles per hour. On the Chicago, 
Burlington & Quincy the locomotive is 
doing switching work at Beatrice, Ne- 
braska. 


The inspection of the engine, of the 
auxiliaries and of other parts of the loco- 
motive is being made on one road once 
a month, on the other every twenty-four 
hours. The Chicago, Burlington & Quin- 
cy did not have the locomotive in ser- 
vice long enough to be able to commu- 
nicate any figures. On the Chicago 


The qua- - 


Great Western the wear was found to 
be: 


In crank shaft and connecting rod 
bearings : 0.003” per year. 

In journals and crank pins: 0.0057 
per 100 000 miles; 

In pistons : 0.0035” per 100 000 miles; 

In cylinders : 0.007” per 100 000 miles; 

In piston ring : 0.0015” per year. 

Piston rings are replaced every 60 000 
to 76 000 miles, 

Locomotive can run 60000 miles be- 
fore crank shaft bearings or rod bear- 
ings require adjustment by taking out 
shims. 

Intake and exhaust 
ground every 1 500 miles. 

There is no information about the mi- 
leage of the locomotive per year. 


valves are re- 


Regarding expenses of operation, the 
Chicago Great Western Railroad gives 
the following figures for an 8-hour day 
of work : 


Crew wages $ 9.46 
Gasoline cost. . . . 3.46 
Lubricating oil cost. . 0.27 


No information is given as to the cost 
of inspection and repairs. or the first 
cost of the locomotive, to the amount 
of interest on investment and deprecia- 
tion charges. 
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Latest types of oil-engine locomotives 
in America. 


Since the completion of the report, 
information has been received about se- 
veral locomotives which had been plac- 
ed in service on American roads and in 
industrial plants, or are about to be 
placed in service. One locomotive has 
been doing switching work for some time 
in the Eddystone plant of the Baldwin 
Locomotive Works. Although no opera- 
tion data on these locomotives are as 
yet available, the reporter thought that 
a brief description and references to se- 
veral publications will not be out of 
place in an Appendix to the report. 


Metropolitan-Vickers locomotives for 
Argentine. 


The Buenos Ayres Great Southern Rail- 
way placed in operation a 375- H. P. oil- 
electric locomotive of the B-B_ type, 
weighing 136500 Ib. The engine, manu- 
factured by William Beardmore & Com- 
pany, of Glasgow, is of the same high 
speed type as that used in locomotive 
type V (see C. — Description of Locomo- 
tives) for the Long Island Railroad, dif- 
fering from that only in the number of 
cylinders, which is eight instead of six. 
The rated speed is 700 r. p. m.; the 
idling speed is 350 r. p. m., both slightly 
different from the corresponding speeds 

of the Long Island Jocomotive. The 

weight of the engine is 10070 Ib. It is 
started electrically from a storage bat- 
tery: 

The engine is directly connected to a 
Metropolitan-Vickers compound-wound, 
direct-current, 750-volt generator, rated 
at 300 kw. at 700 r. p.m. The exciter 
is a 9-kw. direct-current machine which 
serves also as a generator for auxiliary 
duties. The four motors are of the 
standard Metropolitan- Vickers — series 
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traction type. The electric transmis- 
sion is of the Westinghouse system. The 
total weight of the electrical parts is 
42 000 Ib. 


The cab is of the riveted all over box 
type, with four side doors, two on each 
side. The radiator is of the English 
Coventry Radiator Company; it consists 
of finned tubes and is placed on the roof 
of the cab. It has 24 sections arranged 
in series parallel, in groups of four for 
water cooling, and two sections in pa- 
rallel for oil cooling. There are no air 
blowers in the cooling system, the air 
circulation depending only on the move- 
ment of the locomotive. The cooling 
arrangement weighs 2 800 Ib. 

The engine has a vacuum brake with 
a motor-driven exhauster made by Rea- 
vell & Company, which has a displace- 
ment of 163 cubic feet per minute. The 
motor, which has a capacity of 4.5 to 
6 B. H. P., is made by the Metropolitan- 
Vickers Company. The 90-volt electric 
storage battery for starting the engine 
consists of 70 nickel-iron ceils of 200 am- 
pere-hours capacity. The battery is 
charged from the exciter while the loco- 
motive is in service. The battery sup- 
plies current for lighting and electric 
control. 

Two yacuum whistles, one at each 
end, and two electric headlights, one at 
each end, are provided. There are no 
sanders on the locomotive, and no boiler 
for heating. 

The engine has not yet (November, 
1929) been placed in regular service; 
however, tests have been already made. 
A non-stop run of 775 miles was des- 
cribed in the Railway Gazette of 16 Au- 
gust 1929, on page 255. The fuel con- 
sumption per 1 kw.-hour at the traction 
motors amounted to 0.729 lb. Statistical 
operation data are not yet available. 


A second locomotive differing from 
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Tabie VIII. — General dimensions of some industi 
Builders Baldwin. Krupp. 
Operator . Baldwin. Boston & Mai 
Road gauge . 4’8 1/2” 4’8 1/2” 
Wheel arrangement 1B-B1 4.8.4 
Total weight, lh. 275 000 323 400 
Weight on drivers, Ib. 180 000 £00 000 
Length overall . 52/1 3/4” +5 
Length of cab . 52/0” 
Widtb of cab 
Height overall . oi ae 
Total wheelbase 584” 44'1" 
Rigid wheelbase : 12/8" 17/0” 
Diameter of drivers, inches . 40 de 
Oil engines per locomotive 1 1 
Type of engine . Knudsen. Krupp. 
Maker of engine Baldwin. Krupp. 
Number of cylinders . 12 6 
Size of cylinders, inches 93/4 x 1381/2 16.93 x 16.93 
Rated speed, r. p. m. 450 440 
Rating of engine. B. H. P. 1 000 1 300 | 
Type of generator . 750 volts (3) 
Rating of generator, kw. Eas agony) 
Motors per locomotive . 4 eae) 
Type of motors West. 353 D3. os (3) 
Electric control . Ward-Leon. Sra (=) 
Method of starting Shy ees Air. Air. 
Capacity of storage battery, A.-H. 
Location of radiators In front. \ 
Tractive effort, adhes., Lb. 45 000 
Tractive effort, hourly rating 
Tractive effort, contin. rating * 
(') Transmission of power is mechanical — See description, Appendix II. 
(?) Westinghouse torque governor control — See description of locomotives type V and VIII. 


the first in that the Beardmore engine is 
replaced by a Sulzer engine is on order, 
but no particulars about the locomotive 
have been communicated by the Rail- 


road, 


Krupp locomotive for the Boston 


and Maine Railroad. 


This is a 4-8-4 1 300-H. P. locomotive 
with mechanical transmission. The lo- 


= - 


‘recently built oil-engine locomotives. 


‘etropolitan 
ickers. 


zenos Ayres 


Westinghouse 
sat Southern. 


El. & Man. Co. 
4'8 1/2" 
B-B 
110 000 
110 000 
30/2” 
95/0" 
10/7 1/4” 
136 1/4” 
22'8" 
6/8” 

33 
1 
Beardmore. 
Westinghouse. 
6 
81/4 x 12 
800 
300 
West. 477 
210 
4 
West. 562 D6 
PO (3) 
eB (3) 
204 
On roof. 
27 750 
17 800 
8 800 


Westinghouse. 
ce 


Americ. 


Roll. M. 
4'8. 1/2” 
B-B 
140 000 
140 000 
35/2” 
25'0” 
10°7” 
13/3” 
95/8” 
8/0” 

38 
1 
Beardmore. 
Westinghouse. 
6 
61,4 x 12 
800 
300 
West. 477B 
210 
4 
West. 582 FE6 

TGs (7) 
E. B. (3) 
204 
On roof. 
35 000 
30 800 
20 000 


Western 
Elect. Co. 


4'8.1/2” 
B-B 
120 000 
120 000 
50/2” 
25/0” 
10'7 1/4” 
13/6 1/4” 
99/8" 
6/8” 
55 
ab 
Beardmore. 
Westinghouse. 
6 
81/4 x 12 
800 
300 
West. 477B 
210 
4 


ARCH 
E. B. (°) 
204 
On roof. 
30 000 
19 300 
9 800 


West. 562 E6 G. E., H. M. 829 


General 
Electr. Co. 
United 
Fruit. Co. 
3/0” 
B-B 
72 000 
72 000 
30/10” 
22/0” 
8/8” 
13/6” 
19/0” 
6/8” 
33 
1 
Winton. 
Winton. 
6 
8 x 10 
750 
250 
250 volts. 
160 
4 


Autom. Lemp. 
K. B. (3) 


ttrically from storage battery. 


comotive weighs approximately 356 000 
Ib. The oil engine is of the four-cycle, 


inches (430 mm.) stroke. 


At 440 r. p. m. 


which is the rated speed of the engine, 


single-acting, solid-injection, six-cylin- 
der type. The size of the cylinders is 
16.93 inches (430 mm.) bore x 16.93 


the power is 1300 B. H. P. The maxi- 
mum speed is 470 r. p. m. and the idling 
speed is 100 r. p.m. A three-stage com- 
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‘pressor for supercharging, brake and 
starting air is directly connected to the 
crank shaft. 

The transmission is of the mechanical 
four-stage gear type and operates in con- 
junction with friction clutches actuated 
electro-magnetically. The design of the 
transmission is similar to that of the 
Krupp Diesel locomotive with gears and 
magnetic clutches built for Russia (7) 
differing, however from the latter in 
that instead of the main magnetic clutch 
a newly developed hydraulic clutch is 
used. 


The gears are selected in such a way 
as to permit switching, as well as freight 
and passenger service. For fast freight 
or passenger service it is proposed to use 
only three stages with following speeds : 


2nd stage 8.7 to 16.5 miles per hour. 
3rd stage — 16.5 to 31.0 miles per hour. 
4th stage — 31.0 to 60.0 miles per hour. 


For slow freight and switching ser- 
vice the first three stages are used with 
speeds : 


1st stage— Oto 8.7 miles per hour. 
2nd stage — 8.7 to 16.5 miles per hour. 
3rd stage — 16.5 to 31.0 miles per hour. 


The control to the clutches is obtained 
electro-pneumatically from a _ control 
wheel with electrical acknowledging fea- 
tures like those used in railroad signal 
equipments. The brake air compressor 
incorporated in the engine has a capa- 
city of 120 cubic feet displacement per 
minute. For heating purposes a water 
tube boiler with a maximum pressure of 
125 lb. per square inch and working 
pressure of 90 1b. per square inch, fired 
with fuel oil, is provided. 

The locomotive has not yet (January, 
1930) been placed in service. 


(4) Railway Mechanical Ingineer, May, 1927, 
p. 270. 


Westinghouse industrial locomotives. 


The Westinghouse Electric & Manu- 
facturing Company built several locomo- 
tives for industrial plants and railroads, 
using the same Beardmore-Westinghouse 
light type engines previously referred to. 
A 55-ton, 300-H. P. oil-electric locomo- 
tive is being used as a switching yard 
locomotive by the Westinghouse Elec- 
tric & Manufacturing Company itself; a 
60-ton, 300-H. P. locomotive has been 
built for the Western Electric Company, 
and a 70-ton, 300-H. P. locomotive with 
heavier motors has been placed in ser- 
vice in one of the American Rolling 
Mills’ plants. All locomotives are of the 
B-B type and have the gencral characte- 
ristics and special features of the Beard- 
more-Weslinghouse design (1). Parti- 
culars are given in Table VIII. No ope- 
ration data are available. 


Baldwin-Knudsen locomotive. 


This is a 1000-H. P. oil-electric loco- 
motive of the 1B-B1 type with a 12-cylin- 
der inverted V-type engine of the Knud- 
sen design, built by the Baldwin-Loco- 
motive Works in 1926. -The oil-engine 
is of the two-cycle, single-acting type 
with mechanical fuel injection, with two 
crank shafts, each shaft having six 
cranks and rotating with the same speed 
and in the same direction by means of 
two spur wheels and an intermediate 
pinion. Each pair of cylinders, located 
in one transyerse plane, has a common 
combustion space, and their cranks are 
so placed in relation to each other that 
the pistons travel downward and up- 
ward practically simultaneously, a lag 
being deliberately permitted for the pis- 
ton controlling the scavenging air inlet. 


The rated speed of the crank shafts. 


is 450 r. p. m., whereas the speed of the 


(1) Railway Age, 6 April 1929, p. 787; Llec- 
trical Journal, July, 1929, p. 305. 
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Pinion shaft on which the generator is 
set is 1200 r. p. m. Particulars can be 
found in the description of the locomo- 
tive which appeared in the Railway Age, 
10 October 1925, p. 645 (1). 

The engine is doing switching work in 
the Eddystone Plant of the Baldwin Lo- 
comotives Works. No operation data are 
available. 


Baldwin-Krupp locomotive. 


Quite recently a B-B type oil-electric 
locomotive for railroad service has been 


(1) See also O17 Engine Power, September, 1925, 
p. 523. 


completed by the Baldwin Locomotive 
Works. The locomotive is driven by a 
1 000-H. P. Krupp engine with scaven- 
ging, similar in design to that used in 
the locomotive for the Boston & Maine 
Railroad. The electrical equipment is of 
the Westinghouse type. 


United Fruit locomotive. 


Several narrow gauge locomotives 
have been built recently by the General 
Electric Company for the Uniled Fruit 
Company. The locomotives are doing 
work in banana farms on the North- 
western coast of the Republic of Pana- 
ma, Particulars are given in Table VIII. 
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APPENDIX III. 


QUESTIONNAIRE 
on SUBJECT V 
of the Madrid (1930) Session of the International Railway Congress. 


Locomotives of new types: in particular, 


turbine locomotives and 


internal combustion motor locomotives. 


internal combustion locomotives. 


General. 

. Road gauge, ruling grade and shar- 
pest curve in yard, or on division 
where locomotive is operating. 

. Type of locomotive (wheel arrange- 
ment and approximate weight — 
60 tons, 100 tons, etc.). 


3. Names of builders of locomotive 
(mechanical parts), main engine 
and transmission. 

. Kind of engine fuel (gasoline, distil- 
late, oil). 

5. System of transmission (electric, 

gears with clutches, etc.). 


. Number of locomotives of each type 
and their road numbers. 

. Date of placing in service of each 
locomotive separately. 

. Kind of service (switching, freight, 
passenger). 

9. Principal dimensions — length of 

cab, total wheelbase, rigid wheel- 

base, weight in working order, 

weight empty. 


Design. 
a) Main engine. 
. Type of engine (four-, or two-cycle). 
. Type of cylinder (single-, or double- 
acting). 
3. Number of cylinders. 
. Cylinder bore and stroke. 


Lo: 


20. 


. Normal, 


. Rated power of engine at a given 


speed (revolutions per minute). 
maximum and_ idling 
speed of engine. 


. If engine runs on gasoline, or distil- 


late, give type and size of carbu- 
retor, stating size, number of ven- 
turi nozzle, main jet, compensat- 
ing jet and idling jet. 


. If engine runs on oil, give system of 


fuel injection (air injection, or 
mechanical injection). 

System of starting — by compressed 
air, or from a storage battery. In 
the first case state minimum preés- 
ure required for positive start- 
ing; in the latter case, the ampe- 
rage and nominal voltage. 

Attach an outline drawing of the en- 
gine with detail drawings of cy- 
linder head, piston, connecting 
rod, crank shaft, crank case, base, 
cam shaft, fuel pump, water cir- 
culating pump, lubricating oil 
pump, various drives for auxilia- 
ries, crank shaft connection (fle- 
xible coupling), etc.; or refer to 
a published description of the en- 
gine either in a magazine, or in a 
builder’s bulletin, instruction 
book, etc. Indicate all deviations 
from the description as published, 
also all changes made in details. 
and accessories of the engine since 
it was delivered by the builder, 
such as circulating pumps, air 
compressors, etc., if any. 
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21. Weight of oil engine assembled, 55 
ready for application. 
22. Enumerate filters and strainers in- 


23! 


31. 


33. 


84, 


41, 


43. 


corporated in the engine (intake 
air strainers, fuel oil filters, lu- 
bricating oil filters, etc.). 


Number and type of exhaust muf- 
flers (silencers). 


b) Transmission. 


If electric transmission is used, give 
brief description of generator, ex- 
citer and motors, as stated in or- 
der specification, or refer to a 
publication. 


. Indicate system of electric control 


(G._ E.-Lemp system, original 
Ward-Leonard system, modified 
Ward-Leonard system) or refer 
to a publication. 


If transmission of another system is 
used, give a description with 
drawings, or refer to a publica- 
tion. 


Weight of transmission complete. 


c) Mechanieal parts. 


Give a brief description of mecha- 
nical parts with principal dimen- 
sions and attach corresponding 
drawings, or refer to a publica- 
tion. 


- Weight of mechanical parts (without 


cooling system and auxiliaries). 
Type of couplers and draft gears. 


d) Cooling system. 


51. Type of radiators (flat-tube-and- 
plate type, circular-tube-and-fin 
type, etc.). 

52. Makers of radiators. 


34. 


Location of radiators (on the roof, 
in the front, on the sides). 


Number of sections connected in 
parallel both for water and oil. 


a6. 


or 
~“I 


60. 


61. 


62. 


63. 


64. 


65. 


66. 


- Cooling surface of the tubes of one 


section and total (plates and fins 
not included). 

Natural or forced air circulation. In 
the latter case give number of 
fans, name of maker, capacity of 
each fan in cubic feet per minute 


with head in inehes of water and 
speed. 


. System of driving cooling fans — di- 


rect from the engine, or by elec- 
tric motors. In the latter case, 
state number of motors, their po- 
wer, speed and name of maker. 


98. Can any of the cooling sections be 


cut out at will? 


. Is the cooling system equipped with 


thermostatic control for by-pass 
circulation? 

Can the circulation of water be con- 
tinued after the main engine has 
been stopped 

Weight of radiators, blowers and 
other parts of cooling system. 


e) Auxiliaries and accessories. 


Type, capacity, system of driving 
and name of maker of air brake 
compressor. 


Type, size and name of maker of 
Starting equipment (gasoline-air 
compressor outfit). Number of 
air bottles and their capacity. 
Means for replenishing stored air 
in bottles, 


If starting is obtained from a storage 
battery, state number of cells, 
trade name, voltage and capacity 
in ampere-hours. Means for re- 
charging the storage battery, 


Give details of the lighting and con- 
trol storage battery similar to 
those of the preceding item, if 
separate battery is used. | 

Trade name, size (capacity, number) 
and type of fuel oil filter in addi- 
tion to that incorporated in the 


68. 


G9. 


101. 
102. 


103. 


404. 


105. 


106. 


. Type, size 
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oil engine. Kind of material us- 
ed for filtering. 


. Give information on the lubricating 


oil filter (or centrifugal oil sepa- 
rator) similar to that of preceding 
item. 

State number and capacity of tanks 
for fuel (oil, gasoline) lubricating 
oil, and water. 

Number and capacity of sandboxes 
and type of sanders used. Loca- 
tion of sand pipes in relation to 
driving wheels. 

(capacity, number) and 

name of maker of heating boiler. 

Kind of fuel. 


. Enumerate other accessories (bell, 


lamps, etc.) of the locomotive, 


. Weight of all auxiliaries and acces- 


sories, 


. Total weight of locomotive (items 


21-+34+ 42461472). 
Performance. 


a) Operation. 


Number of men in locomotive crew. 
Is the second man needed for the 


operation of the locomotive irres- . 


pective of the Interstate Commer- 
ce Commission regulations? 

If more than two men are in the 
crew, state the functions of the 
other men (third, fourth, etc.). 

Is special- training, or instruction, 
required for the crew, and if so, 
how much time is needed for pro- 
per instruction? 

Are the qualifications of the locomo- 
tive crew as high as those of a 
steam locomotive crew? Are they 
higher, or lower? 

Are the crews permanently assigned 
to locomotives, or are they being 
changed, and if so, are they 
changed oftener, or less often, 
than on steam locomotives? 
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107. 


108. 


$09. 


110. 


ills 


AUIS 


How many control handles has the 
driver to operate for running, and 
what are their functions 2? What 
other buttons or handles has he 
to operate and for what purposes? 


Is the control of the locomotive con- - 


venient? Is it less, or more, com- 
plicated than the operation of a 
steam locomotive — in the latter 
case, state in what way. 


Does the locomotive require special 
handling in terminals or round- 
houses? 


Name of place where the locomotive 
is doing its work (name of yard, 
division, etc.). Attach plan of 
yard, or profile of division. 


Number of loaded cars pulled at a 
time on various grades in the 
yard, giving speeds, if the Jloco- 
motive is doing switching work; 
or tonnage of trains, giving sche- 
dules, if locomotive is pulling 
trains. 


. When and where is the locomotive 


refueled, sandboxes refilled, lubri- 
cating oil changed, water tanks 
filled, storage batteries recharged? 

Crew wages — total for each month 
and per unit of work, also termi- 
nal and roundhouse men’s wages 
and other charges (sand, bulbs, 
-etc.) — total for each month and 
per unit of work. 


b) Fuel performance. 


121. Specification of fuel (oil, gasoline, 


distillate) with physical and che- 
mical characteristics (gravity 
Beaumeé, flash point, viscosity Say- 
bolt, carbon residue, ash, foreign 
matter, heat value in B. T. U., etc.). 
also source of delivery. 


122. Does fuel oil need to be heated, and 


if so, by what means is it aceom- 
plished? 


fee 
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123. Have any changes been made in the 
fuel line, carburetors, injection 
valves, nozzles, filters, etc., to suit 
the kind of fuel? If so, describe 
the changes, accompanying them 
with drawings or sketches. 


124. Does the locomotive emit smoke dur- 
ing operation and under what cir- 
eumstances (full load, half load, 
idling, high speed, etc.)? State co- 
lor of smoke (gray, grayish-blue, 
blue) and intensity of smoke 
(slight haziness, hazy, black, hea- 
vy black). 


125. Performance sheets of locomotives, 
giving for each month since plac- 
ing them in service, number of 
kilowatt-hours, ton-miles, or num- 
ber of cars handled, hours of 
work, load factor, amount of fuel 
consumed for the main engine — 
total and per unit of time or work, 
cost of fuel per gallon (state U.S. 
or Imperial), total and per unit 
of work. 


126. If auxiliaries or starting devices are 
run from separate engines, state 
kind of fuel, amount, cost per 
unit, total and per unit of work. 

127. Has any relation been observed be- 
tween fuel consumption and state 
of piston and piston rings (exces- 
sive clearance) ? 


c) Lubrication. 


131. Specification of lubricating oil, giv- 
ing physical and chemical charac- 
teristics and source of delivery. 


132. Have any changes been made in the 
lubricating oil jine, pumps, fil- 
ters, etc.? If so, describe the chan- 
ges, accompanying them with 
drawings or sketches. 

133. Is any oil, or grease, used for lubri- 
cation of other parts of main en- 
gine in addition to the forced feed 
system? 


134. 


135. 


137. 


138. 


129. 


140. 


141. 


142. 


143. 


Cost 


Has 


What is used for lubrication of gene- 


rators, motors, auxiliaries, gears, 
axle bearings, etc.? 


How soon does the carbonization 


and dilution of lubricating oil be- 
come noticeable ?- Is the carbon 
completely removed by filtering? 
Is dilution being remedied in any 
way? 


. Has the effect of the cooling system 


on engine lubrication been noti- 
ced, and is the cooling water tem- 
perature controlled for better lu- 
brication? How is this being ac- 
complished? 


Have carbon deposits in crank case 


been found and are they being 
removed? How often? 


Consumption of lubricating oil for 


main engine for each month — 
total and per unit of time or work, 
in lb. and also in dollars and 
cénts. 

of other lubricating material 
for the locomotive (oil, grease, 
waste, etc.) for each month — to- 
tal and per unit of time or work. 


If a centrifugal separator for the 


cleaning of lubricating oil is used, 
state operating advantages and 
disadvantages of this device as 
compared with ordinary filter. 


d) Cooling. 


Have any changes been made in 


the cooling system after the loco- 
motive was delivered to the rail- 
road? If changes have been 
made, send a description with 
drawings or sketches. 


Consumption of water in gallons 


and cost for each month — total 
and per unit of time or work. 
pitting of cylinder jackets, 
sleeves (liners) and cylinder 
heads by cooling water been ob- 
served? How is this being taken 
care of ? 


151. 


152. 


153. 


155. 


156. 


ane 
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e) Heating. 


Is the heating system connected 
with the cooling system? When 
and. how is the connection being 
established and broken? 

Is the circulating water heated 
before starting in order to faci- 
litate starting of the main engine? 

Cost of water and fuel for heating 
for each month — total and per 
unit of time or work. 


Inspection and repairs. 


a) General. 


. Is the main engine of the locomotive 


periodically inspected indepen- 
dent of repairs, and how often? 

Are the auxiliaries and other parts 
of the locomotive periodically 
inspected and how often? 

Have there been any serious re- 
pairs or replacements of parts of 
engine generator, motors, and 
other locomotive parts which re- 
quired laying off a locomotive for 
more than a week? Describe the 
nature of repairs. 


Were the heavy repairs of the pre- 
ceding item accidental, or were 
they regular results of the design 
and service of the locomotive? 


- Have the causes of the heavy re- 


pairs been eliminated and how? 


- What kind of repairs require lay- 


ing off of a locomotive for more 
than a day? 


- What is the average number of 


hours per month a locomotive is 
out of service due to inspection 
and repairs? , 


. What is the average number of 


hours of service per locomotive 
per month? 


. What is the balance of the total 


number of hours per month and 
those of items 160 and 161 due 


he 


3: 


174. 


175, 


180. 


181. 


182. 


to fueling, sanding, storing, Sun- 
days, holidays? How many 
hours are due to each of these 
causes? 


b) Engine repairs. 


Have you had cases of broken 
crank shafts, cylinders, cylinder 
liners, cylinder heads, pistons, 
connecting rods and other heavy 
parts? What were the causes of 
the breakages? Have they been 
removed? 


. Were the above parts replaced or 


repaired, and if repaired, how 
was it done? 

How long was the locomotive out 
of service at each time? ~ 


Can all other repairs be classed as 
« running repairs »? If not, 
enumerate those which cannot. 

How many miles (or how many 
hours) does a locomotive run 
before the crank shaft bearings 
or crank pin bearings require ad- 
justment — taking out shims, re- 
placement of shells? Indicate 
whether shells, lined with white 
metal, are of steel or bronze. 


. What is the average wear of bear- 


ings on time or mile basis? 


. What is the average wear of jour- 


nals and pins? 


. What is the average wear of pis- 


tons? 


. What is the average wear of piston 


rings? 

What is the average wear of cylin- 
ders or cylinder sleeves (liners) ? 

When and how often are piston 
rings replaced on account of 
wear? What percentage of pis- 
ton rings break within a certain 

- time (six months)? What is the 
average life of rings? 

What is the average wear of wrist 
(gudgeon) pins, and their bear- 
ings? 


| 
| 
| 
; 


183. 


184. 
185. 


186. 


187. 


188. 


189. 


190. 


191, 


192. 


193. 


194. 


195. 
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Is wear in piston grooves noticeable, 
and how is this being taken care 
of? 4 

When are pistons replaced? 

Have any advantages been found 
in the split-skirt-constant-clear- 
ance pistons as regards mainten- 
ance of cylinders, pistons, piston 
rings and other parts? 

What difficulties have been expe- 
rienced with valves in cylinder 
heads? How have they been 
remedied? 

How often must intake and exhaust 
valves be ground? When and 
how often are they replaced? 

Are valve cages ever replaced? If 
Seats are direct in the cylinder 
heads, are replacement seats in- 
serted? 

Do valves get stuck? What are 
the causes and remedies? Of 
what material are guides of valve 
stems made? Have special 
bronze guides for valve stems 
been tried? 

How often do valve springs break? 
What is the average life of a 
valve spring? 

What difficulties have been expe- 
rienced with fuel valves and 
sprays? How often are they in- 
spected? When and how often 
are they being replaced? 

Are rubber seal rings used at the 
bottom of the water jacket (when 
the cylinder liner is removable) ? 
Do they give trouble? How is 
the trouble being remedied? 

Has any corrosion of steel parts in 
the crank case been observed? 
How is this being eliminated? 

Has any difficulty with lubrication 
been met with? How has it been 
cured? 

What is the experience with the 
fuel, lubricating oil and. water 
circulating pumps? Which parts 
require reneval and how often? 


196. What is the wear of the fuel pump 
plungers? When and at what 
intervals are they being replaced? 

What material is used for the strai- 
ners in the fuel oil and lubricat- 
ing oil filters? How often is this 
material renewed? 

Cost of. inspection and repairs of 
main engine per each month — 
total. and per unit of time or 
work. 


197. 


198. 


c) Electric equipment repairs. 


. At what intervals is the inspection 
of electric equipment (brushes 
and commutators of generators 
and motors, relays, storage batte- 
ries, etc.) made? 

Have difficulties with commutation 
been experienced, and how were 
they remedied? 

. Have there been cases of overheat- 

ing of motors, and what were the 
results? 


- Do the storage batteries require 
additional recharging, and how 
is this being done? 

. Cost of inspection and repairs of 
electric equipment for each 
month of service — total and aver- 
age per unit of time or work. 


202. 


d) Repairs of auxiliaries (including 
cooling and heating equipments). 


211. Have any difficulties been expe- 
rienced with the air compressor, 
Starting outfit, radiators, heaters, 
sanders, etc.? | 

212. How often are the apparatuses enu- 
merated in the preceding item 
inspected ? 

213. Cost of inspection and repairs of 
all auxiliaries (including cooling 
and heating equipments) for each 
month of service — total and aver- 
age per unit of time or work. 


221. 


231. 


233. 
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ce) Repairs of mechanical parts. 


State in which respect are mechani- 
eal parts of internal combustion 
locomotives inspected and repair- 
ed differently from mechanical 
parts of other locomotives. 


. Is the wear of mechanical parts dil- 


ferent from that of ordinary loco- 
motives ? If so give comparative 
figures. 


Cost of inspection and repairs of 
mechanical parts for each month 
of service — total and average 
per unit of time or work, 


Operating expenses. 


Crew wages, terminal and round- 
house men’s wages and round- 
house charges per unit of time, 
or per unit work — average for 
each year and for total time of 
service (on the basis of item 
113). 


. Average cost of fuel, lubricating oil, 


water and fuel for heating, for 
each year and for the total time of 
service, per unit of time, or per 
unit of work (on the basis of 
items 125, 126, 138, 139, 142, 153). 


Average cost of inspection and re- 
pairs per unit of time, or per unit 
of work, for each year of service 
and for the total time of service 
(on the basis of items 198, 205, 
213 and 223). 


234. Amount of investment (cost of loco- 
motives), interest on investment 
and depreciation charges — total 
and per unit of time, or per unit 
of work. 

235. Total operating expenses on time or 
work basis (items 231 + 232 
+ 233 + 234). 


Comparison with steam locomotives. 


241. Give general dimensions, type, 
weight and year of construction 
of steam locomotives doing iden- 
tical work with internal combus- 
tion locomotives. 

242. State how many locomotives of the 
above type have been actually re- 
placed by one internal combustion 
locomotive. 

243. Give actual performance sheets of 
steam locomotives for each month 
during the last year of their ser- 
vice, comparable with sheets sup- 
plied on item 125. 

244, Average figures for the last year of 
actual performance of steam lo- 
comotives comparable with those 
on items 231, 232 and 233. 

245, Amount of investment (cost of loco- 
motives), interest on investment 
and depreciation charges — total 
and per unit time, or per unit of 
work. State year to which the 
cost of steam locomotives refer. 

246. Total operating expenses on time or 
work basis (items 244 + 245). 


of 


[ 631 & 682 | 


REPORT No. 


(Germany) 


ON THE QUESTION OF THE USE IN RAILWAY WORK OF MACHINES FOR 
SIMPLIFYING STATISTICAL AND ACCOUNTANCY WORK (SUBJECT XIV 
FOR DISCUSSION AT THE ELEVENTH SESSION OF THE INTERNATIONAL 

- RAILWAY CONGRESS ASSOCIATION) (*) (2), 

By Herr TECKLENBURG, 


Reichsbahndirektor, Member of the Headquarters Administration of the Deutsche Reichsbalin 
Gesellschaft (German State Railway Company), Berliu, 


and Herr Dr. GAIER, 


Direktor, Central Office of the same Company, Berlin. 


Figs. ] to 22, pp, 960 to 996. 


INDEX OF CONTENTS : 


Page 
CT ete oie pinata Ui. caeeter wih See era ay (OBR 
SECTION I: The card punc hing MacCNiNes: 4; <0 . 952 
58 Replication of the above system to the production ¢ of Sutin ede eco 
and economic statistics . . . ace en ee ee ae) MS 
B. Use of the punched card system in particnkar GHSCSia a. be WB a acildline og GO 
C. Further extension of its use. 
SECTION IL. : Other office machines and mnehteal auxiliaries : 
UF, Tepewriters Se eae a, Cee OMe OA ye eee ere eee Ee ene s 
Se CoO a Maen Se ee Rite aft peer, ons Ssh S th Ba: sp > +-aetaiyoven, 960 
PROC UEC LCIMUTICS 7 95a ciate: cult Mo hicch ginchotea ain opactirs tees aeacee OOL 
4. Cash registers . . Ses Se Se VG Ad Re civ EAT AT a Bere 0 
5. Ticket printing sceeianes aM, Seer hope! Sale? Pra heH fon 1s Hino toe “O66 
PERC SSINSSIMACHINGS 4 bass Seca FS a. cibinvipesiisbai elie tek alee O69 
7. Other mechanical auxiliaries : 
Mabapress, dochiments poste. = \aiwiesusiied s+ welid\sell whiel ions 1280! 
PMA EGlALe thor CAleLSs.. 0. ee eecle Rae ee Go kok hy cxcul dasrech OTL 
LONGCLUSIONS.. .; . .. ; ; E ats SO. 
Appendix I: Train service okees A sad B ve EeSseues Aid goods trains 
(Guards’ report form) . . On te te eS] 
_ Appendix II : Locomotive service ticket (dnivens: papa eee en eae SO 
Appendix III : Density of traffic on sections chart . . . . .. . . 982 
Appendix IV: Movement sheet for loaded SOOdSHWasgons ACG smi. 6 ps ns) 98S 
Appendix af Express goods central despatching. . . An pen, 
Appendix VI: Checking (in advance) of waybills at boeds! aeaole + © 994 


(*) Reporter for section I : Introduction and The card punching machines is Herr Dr. Tecklenburg, 
Reichsbahndirektor. Reporter for section II: Other office machines and mechanical auwtliaries is 
Herr Gaier, Direktor. 

(?) Translated from the German. 


III—13 


952 
XIV—70 


The mechanization of office work is 
a most important question for the rail- 
way administrations : an enormous vo- 
lume of correspondence between their 
business offices has to be controlled, a 
huge quantity of accounting work and 
statistical research has to be carried out, 
partly for internal use, and partly for 
State and provincial Authorities as well 
as for international purposes, and a 
great office organization has in the 
course of time become necessary to the 
German Railways to deal with this bu- 
siness. It is therefore understandable 
that the Authorities should in the past 
have steadily striven to avail themselves 
of such contrivances as typewriters and 
calculating machines, pari passu with 
their introduction in business houses. 
For a long time general development in 
this direction made only comparatively 
small progress. It is only during the 
last ten years that a quicker pace has 
been set in this direction under the 
influence of rationalization. Science is 
now providing an abundance of office 
machinery and other apparatus and it is 
the business of organizers to select from 
that which is offered, the auxiliaries 
most suited to the requirements of the 
railway administrations. It is of para- 
mount importance that the introduction 
of such machinery must render working 
more economical: having in view the 
first cost and the high cost of amorti- 
zation, due to rapid obsolescence of such 
machines, work must be cheapened or 
simplified, or other advantages such as 
speeding up or improved work must be 
forthcoming to counteract the increased 
expenditure. i 

Of all the machines which have so far 
been introduced by the Deutsche Reichs- 
bahn, those which operate by means of 
perforated cards are the most important. 


Their introduction has brought about 
considerable change of opinion with 
regard to the value and the potentialities 
of statistics. In the following paper the 
employment of these machines will be 
discussed in detail and finally the ma- 
chines and apparatus chiefly used by the 
Reichsbahn will be dealt with. 


I. — Card punching machine. 


We believe that the constructional pe- 
culiarities of the card punching machine 
are known; we think that our task lies 
in explaining how the machines are em- 
ployed by the Deutsche Reichsbahn and 
the point of view which caused their 
extensive use. The great advantages off- 
ered by these punching machines lie, 
not only in the possibility of extracting 
statistical results, more quickly, more 
accurately and with reduced labour cost, 
but, and this must be emphasized, be- 
cause of the exhaustive investigations 
rendered possible by the system, a means 
is offered of obtaining a very much better 
insight into the progress of operations. 
Information which could only be obtained 
at such a cost of time and labour, if pur- 
ely manual methods were used, as to make 
it economically not worth while, comes 
easily to hand through the medium of the 
perforated card system, and areas which 
otherwise remain in darkness are laid 
open to investigation. 

Of course one’ must not overlook the 
fact that certain dangers may arise 
The advantages of the system may tend 
to raise statistics to a position which 
goes beyond the actual necessities of the 
business. Before introducing new, or 


amplifying existing statistics, it must be’ 


decided beyond doubt that such necessity 
exists, and that the results to be obtain- 
ed will be worth the cost entailed. To 
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come to such decisions on a question of 
this kind an accurate appreciation of 
the cost of the perforated card system is 
indispensable. The Reichsbahn there- 
fore makes a practice of ascertaining ac- 
curately the working cost of the perforat- 
ed card method for each investigation 
and the costs and results, from the com- 
mencement to the completion of each in- 
vestigation, are recorded in a proper man- 
ner on a special official form. It follows 
that the results so obtained serve as 
confirmation of the usefulness of the 
various perforated card offices and the 
Administration obtains information on 
the probable cost of introducing machi- 
nes into new branches of the service and 
can reach a decision after having made 
estimates of costs and profit. 


A. — Application of the system to the 
production of uniform operation and 
economic statistics. 


The advantages inherent to the perfo- 
rated card system in the way of speed- 
ing up and of extending statistical en- 
quiries, have helped the Reichsbahn to 
the decision to bring the dead statistic 
to life, so that — a reflected picture of 
the results of operation — it may prove 
of value to the undertaking. In pursuit 
of this idea, the Reichsbahn has placed 
a high yalue on the production of a 
comprehensive statement, especially in so 
far as this shall deal with the work 
peculiar to each department of the un- 
dertaking, as regards class and quantity. 


In some departments the mass perfor- 


mance of the various services can, it 
is true, be compiled by simple entry, 
thus for example, in the cases of clear- 
ance totals under which come the totals 
of passengers carried, the totals of lug- 
gage and express goods, the total tons 


cleared of goods packages, tranship goods 
and goods in wagon loads. This is not 
however possible for the greater propor- 
tion of operations, particularly in the 
important department of train working, 
which includes movement of trains and 
locomotives. In this direction an under- 
standing of the results can only be ob- 
tained in sufficiently wide detail if the 
ascertainment is made by means of the 
perforated card system. The way in 
which this work is usually carried out 
on the Reichsbahn by means of the per- 
forated card system will be explained 
later. 

Train and guards working are collat- 
ed.from the train service ticket (appen- 
dix I) which every guard must make out 
for each trip. 

The train service ticket (guard’s re- 
port) records : the train and vehicle- 
axle-kilometers run, both for loaded and 
light axles; these are further subdivided 
for home and foreign vehicles, postal, 
dining and sleeping cars, and further, the 
eross and nett tonne-kilometres for the 
loaded vehicles. The totals are divided 
in accordance with line classifications, 
that is to say for main or branch lines 
and into still more detail as to whether 
the service is regular or special and in 
such latter cases the subdivision goes still 
further. 

The information as regards locomo- 
tives and locomotive staff is collected in 
the same way. It is collated from the 
locomotive service ticket (appendix II) 
which every locomotive driver must make 
out for each turn worked by a locomo- 
tive. The duty is here divided into train 
working and such depot service as shunt- 
ing, reserve duty, waiting in steam and 
so forth. Train working is also divided 
in accordance with line and train classi- 
fication and depot service is also dealt 
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with in accordance with duty performed 
and according as it is for goods or pas- 
senger service. 

These very varied entries do not cause 
the staff any special trouble or hardship. 
The basis for it is provided by the time- 
tables, service classifications and circu- 
lars, and such service material. 

The principle on which investigation 
is carried through, is that all original 
entries are made on special forms, since 
the first attempts to use linked cards (twin 
cards) gave rise to certain difficulties; 
the transfer to perforated cards is car- 
ried out by the Divisional Offices in 
special perforated card departments in 
which all this work is centralized. And 
further, this intention is carried out to 
the utmost by submitting the individual 
results to the Central Office on summary 
cards, since this practice makes the work 
of assembling the management results 
into complete form very much simpler 
and quicker for the Reichsbahn. These 
working statistics (performance statistics) 
which, in addition to the spheres already 
mentioned, cover other departments, 
partly with, and partly without the inter- 
vention of the perforated card system, 
give a full and accurate picture of the 
activities of the undertaking. 

Through them the Administration ob- 
tains not only the material required to 
complete the general statistics, but also 
the ground work to meet the special ser- 
vice requirements. In the matter of re- 
search into train working, the Reichs- 
bahn sets great stress on obtaining not 
only an idea of the section results for 
the various Divisional Managements but 
also of how the work done is distributed 
between the different sections. This is 
made possible by the fact that the sec- 
tions in each Divisional Management area 
are designated by numbers which are 


quoted by the drivers and guards in their 
train reports of work on the various sec- 
tions. If therefore the perforated cards 
are sorted by sections, a « section loading 
card » (appendix III) can be obtained 
which will give the amount of traffic over 
all sections of the whole Reichsbahn net- 
work. 

Of the very greatest importance is the 
demand of the Management that the re- 
sults of these output researches should 
be placed in their hands at the earliest 
possible moment. This concern is on 
that account the deciding factor for the 
whole organization of train working re- 
search : this is so organized that a com- 
plete statement of results shall be avail- 
able for the Management and over the 
whole system, in the shortest possible 
time, that is to say, within a week follow- 
ing the expiry of the week covered by 
the investigation; in this way the results 
of the investigation stage supply a reci- 
tal which follows on the heels of the 
actual occurrences and provides a mirror- 
like indication of the seasonal variations 
of traffic and offers an opportunity to 
prepare means to meet the prospective 
demands of traffic. 

Of course these investigations provide 
at the same time much that is useful and 
necessary for other purposes. In this 


way the perforated card system furnishes 


the ground work for the calculation of 
fuel premiums which are based on the 
locomotive tonne-kilometres hauled, and 
in addition supply the basis for caleula- 
tion of the allowances which are part of 
the pay of the locomotive staff. 

The desire to make use of the possibi- 
lities inherent to the perforated card sys- 
tem for providing the maximum amount 
of information has further led to the 
working statistics being expanded into a 
comprehensive operation statistic which 
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is continually dealing with the whole un- 
dertaking, and which, in combination 
with a somewhat similar compilation pro- 
duced by the accounting side, has develop- 
ed into a far reaching working costs 
account. These working statistics which 
show the inner ramifications of the busi- 
ness and make clear the import of indivi- 
dual incidents in the general scheme of 
things, are designed to bring the inner 
workings of the undertaking under a con- 
tinuous and close scrutiny and give con- 
siderable assistance to the general efforts 
towards rationalization which the Reichs- 
bahn has been making for years. 

At the same time the working costs ac- 
count forms the basis for the solution of 
a railway problem which the Congress 
repeatedly brings wp and which it dis- 
cussed at its last session, namely the cal- 
culation of railway working costs. 

The cost analyses, which have been 
carried out over a number of years by 
the Reichsbahn with a view to arriving 
at the different factors related to the 
working efficiency of the various depart- 
ments, are based on the operating costs, 
and bridge the gap between the latter and 
the actual traffic performances by means 
of special ascertainments which make 
clear the extent to which the operating 
performances are affected and exploited 
for the purposes of traffic. 

There exist for purposes of working 
cost calculation two big and_ separate 
fields for investigation. 

The first group is that which is destin- 
ed to provide the basis for the ascer- 
tainment of the costs of operation, which 
may be looked on as characteristic of the 
work in the different departments. A 
working cost account does not only aim 
at a division of working expenditure as 
‘between passenger and goods traffic, but 
beyond this, at a further subdivision of 


the expenditure in accordance with the 
facts established by the performance in- 
vestigations, which shall permit of the 
proper proportion of expenditure being 
shown against the unit of the quantitative 
output. 

The true hypothesis for a working ac- 
count so built up, that the quantitative 
output for every section is known, is al- 
most completely attained by the general 
performance statistics and only a few 
extensions of these statistics have been 
found necessary, such as for example 
those connected with performance of 
train marshalling and shunting service, 
which are likewise established by the 
perforated card system. 

The second hypothesis, that the econo- 
mice aim of each individual operation 
shall be established, is also likewise 
accomplished by the medium of the per- 
fortated card system: that was indeed 
the consideration governing the whole 
field of performance research. On these 
grounds the train and locomotive service 
tickets were so arranged for the pur- 
poses of train working research, that they 
set out for each movement of trains or 
locomotives the nature of the work per- 
formed, the nature of the section, the 
class of work, the class of train and the 
possible special duties as well as the 
local duties. At the same time the eco- 
nomical employment of the whole travel- 
ling personel of the locomotive and train 
working staff is ascertained in exhaus- 
tive detail through the medium of the 
duty sheets. 

The economical employment of the 
whole of the stationary personel is also 
recorded by means of the perforated card 
system. 

The basis for these researches is the 
attendance sheet which has to be filled 
up by every office and on which the 
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total personel of the office is recorded 
in accordance with the nature of his em- 
ployment. With this end in view the 
staff is very widely subdivided into 
branches of service which are so arrang- 
ed that the economic object of the man’s 
employment is as far as possible shown 
clearly and beyond all doubt; should a 
man do work which comes under more 
than one ¢lassification, he will be allo- 
cated proportionately to the different ser- 
vice branches in accordance with special 
local decisions which are as a rule based 
on consideration of work and time. The 
transfer of the attendance sheet to per- 
forated cards and the handling of these 
cards is centralized by the Reichsbahn 
Divisions. 

The second research group, which ‘is 
necessary for the calculation of working 
costs, is that which has for its object the 
recording of the traffic operations car- 
ried out for handling the different kinds 
of traffic. 

A portion of these ascertainments are 
also made through the medium of the 
train service sheets : in columns 26 to 31 
and 24 to 30 the kind of traffic in which 
wagons hauled were used is recorded, 
i. e. Whether they were utilized for the 
carriage of express goods, fast goods, or- 
dinary goods, tranship goods or service 
material. 

A special investigation of great impor- 
tance is that concerning the employment 
of the wagon stock as a whole for the 
different descriptions of traffic. This is 
obtained through the medium of the 
goods wagon operating researches (appen- 
dix IV), which the Reichsbahn carries out 
from time to time. One of the objects 
of these researches is to fix the propor- 
tions of time occupied in the various 
operations of handling traffic, especially 
the time required for work at dispatch- 


ing and receiving stations and the time 
taken up in moving it in trains. Note 
is taken of the time required for loading 
express and ordinary goods wagons, as 
also the time occupied in loading express 


single package and ordinary single pack- » 


age goods in local, tranship and inter- 
change wagons, subdivided into loading 
time, time for removal to despatching 
station, running time in trains, delays on 
the road, time for placing for unloading, 
and unloading time. Further, in regard 
to the return trip, the times for prepara- 
tory work and light running are clearly 
indicated; the division of transportation 
as between the different classes of train 
is also recorded. 

In passenger service the efficient use 
of the available vehicle capacity is check- 
ed by counting passengers and this ope- 
ration is also now made over to the per- 
forated card system. Here the number 
of passenger-kilometres run in terms of 
the different classes, both of trains and 
vehicles, is compared with the number 
of seat-kilometres worked. This inves- 
tigation is made periodically on three 
weekdays and one Sunday in each quar- 
ter. ; 

By means of this research the cycle of 
facts necessary for the working cost 
ascertainment is completed. And if in 
the course of these enquires more accu- 
rate research in any direction is shown 
to be required, the information essen- 
tial for carrying’out the cost analysis 
become available. 


B. — Use of the punched card system 
in particular cases. 


Beside the application of the perforat- 


ed card system to spheres which have ~ 


been mentioned above, and which utilized 
to the full the great advantages inherent 
to the system for amplifying the statis- 
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tical collection in order to create proper- 
ly laid owt and uniform statistics regard- 
ing management, numerous opportuni- 
ties occur for research in particular areas, 
which can be made much quicker and 
cheaper by the use of the perforated sys- 
tem and these facts have therefore com- 
mended themselves to the Deutsche 
Reichsbahn. 

The system has thus been brought into 
use for the settlement of wagon hire. 
This is organized as regards essential de- 
fails in the following way : 

A perforated entry card is made out 
for every foreign wagon coming on to the 
railways through an interchange station 
and in the same way a card is made out 
for each foreign wagon on exit and these 
are sent to the wagon settlement office. 
Here the cards are sorted in accordance 
with ownership and wagon numbers and 
advices of exit and entry are made out 
for each foreign railway in arithmetical 
order of wagon numbers. After the wa- 
gon concerned has been looked up in the 
exit advice by number, the details of exit 
are subsequently filled wp on the entry 
card and it is punched. The completed 
entry card now contains all the informa- 
tion which is wanted for calculating the 
amount of hire. For entry: wagon 
number, owning line, interchange station, 
and day of entry; for exit: day of exit, 
interchange station, days stay, hire free 
time and time to be paid for. The debit 
advice for each Administration is then 
made up from the above details on the 
tabulating machine. ; 

This method of operation results in 
considerable savings : formerly 141 per- 
sons were necessary in the wagon hire 
settlement branch while now 90 suffice; 


if the capital cost of the machine is con- 


verted in work units it is equivalent to a 


further 26 persons bringing the total 
up to 116 or a saving of 25 persons. 

Further possibilities for the use of 
machines are offered in the Stores De- 
partment. Here among other things the 
settlement of the service coal traffic has 
been made over to the perforated card 
system. The basis of this settlement is 
the service coal freight consignment note 
which is sent from the despatching to the 
receiving station for certifying receipt and 
from there to the Accounting Office at 
Railway Headquarters. Here the con- 
tents of the consignment note are enter- 
ed on a perforated card. This then con- 
tains the month and day of despatch, 
name of despatching station, contract 
number, additional charges, kind of coal, 
delivery price, receiving station, wagon 
number, kilometres, freight, weight des- 
patched and. received. 

All the information therefore that is 
necessary for the settlement with the 
Reichsbahn Divisions and the suppliers, 
as well as that for the fixing of the ser- 
vice goods freight, is available and at the 
same time everything is set out that is 
required to compile the service coal and 
general statistics. 

Debits for material procured from 
Headquarters (the Reichsbahn Head Of- 
fice) are likewise dealt with by means 
of perforated cards. 

This ‘system may be used to great ad- 
vantage in the prosecution of the isolated 
and special investigations which are occa- 
sionally necessary and which can be 
handled in a very thorough manner over 
a very wide area. This is the case with 
« Duration of service statistics » which 
are made out at intervals of about 
three years and give the conditions of ser- 
vice for the whole personel, the nature 
of their employment, their rank, their 
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rest periods, and so on, clearly and in 
full detail. 

The perforated card system is used, on 
somewhat different lines, in connection 
with accidents-in working statistics : here 
the value of the perforated card record 
lies in the fact that the card which is 
made out for each accident that occurs 
in working and contains a wealth of de- 
tail which may be referred to when in- 
vestigating the individual accident, is at- 
tached to a file and remains permanently 
available for future reference. 


af 


(C. — Further extension. 


The area in which information is col- 
lected by means of perforated cards, on 
the Reichsbahn, is a very wide one. The 
number of cards used reaches the total 
of about 90 millions per annum, which, 
divided over 32 offices, are handled by 
a staff of about 675 persons, through 
the mediuin of 79 tabulating, 87 sorting 
and more than 4 300 punching machines. 

The Reichsbahn, however, does not 
consider that the possibilities of the sys- 
fem are as yet exhausted. Apart from 
the fact that it is being tried in certain 
departments, such as the stock book- 
Keeping in the Reichsbahn repairs shops, 
a trial is at the present moment being 
made on a large scale, as to the possibi- 
lity of changing over to the use of the 
perforated card system for the account- 
ing, control and statistics of goods traf- 
fic. If the trials are successful a much 
wider and most important working field 
will be laid open to the perforated éard 
system. 


II. — Other office panehineey 
and auxiliaries. 


In order that it shall not fall into 
error in regard to the mass of office 
machinery at present being put on the 


market, the Reichsbahn has set apart one 
office in the Reichsbahn Central Office 
in Berlin, for the purpose of testing new 
office machines as regards their useful- 
ness and economical working. 


The tests are made through the medium " 


of work and time studies: the work 
studies arrange the change over to me- 
chanical operation and select the most 
suitable method for carrying it out; the 
time studies arrive at the time and cost 
of personel for both the old hand and the 
new machine systems. 

The following are the kinds of office 
machine in use at the present time. 


1. — Typewriting machines. 


Typewriters are used in the most ex- 
tensive way in the offices at Headquar- 
ters and in Divisions as well as in all 
large and medium sized outside offices. 

Under the lead of the German Standar- 
dization Committee (Deutschen Normen- 
ausschus) the greater proportion of the 
typewriters and their accessories have 
been standardized. This standardization 
covers the quality, the dimensions and in 
particular the position of the letters in 
the keyboard. The main advantage of 
this standardization is to be found in the 
fact that the typist can, to meet the exi- 
gencies of service, change from one make 
of machine to another without difficulty. 

Electrically operated typewriters have 
the advantage that they can be operated 
at a much higher speed (30 % increased 
output) without tiring the typist and 
turn out a large number of copies; they 
are installed in places where heavy and 
continuous correspondence is dealt with 


and where skilled « touch » operators . 


are available. 

In order that the typewriters could be 
used for bookkeeping they have in the 
course of time been fitted with wide car- 
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riages, decimal tabulators and front feed 
device. 

Such typewriters find restricted appli- 
cation in the large goods stations for 
making out carriage free and forward 
consignment notes. In order to work up 
one column as required in these forms, an 
eight-unit totalizer mechanism (counter) 
has lately been produced which can 
be fitted to any ordinary machine. The 
amounts printed by the typewriter are at 
the same time recorded in the calculating 
mechanism and totalled. 

The typewriters which are arranged 
for bookkeping lend themselves to the 
booking of freight notes (consignment 
notes) on receipt on the so called account- 
ing cards which serve for settlement with 
the consignee; they are made out simul- 
taneously with the advice to the consignee 
of the arrival of goods and are written in 
one operation. 

In the course of these bookkeeping 
operations a large number of columns 
have to be made up so that a single fi- 
gure printing unit will not suffice. 
Large goods sheds therefore make use of 
calculating typewriters with wide car- 
riages, decimal tabulators and front feed 
device. For calculating, that is to say 
adding, a number of printing and calcu- 
lating mechanisms (counters) are attach- 
ed to the machine in front of the carriage. 
The number of sets of mechanism that 
can be attached depends on the length 
of the carriage and the number of places 
for which figures are required. For 
instance a machine with a carriage 60 cm. 
(2 feet) long can accommodate 27 coun- 
ters consisting of 7 units each (spacing va- 
riable) or alternatively, 44 counters of 
4 units each. 

As operating an ordinary calculating 
typewriter is tiring, the Reichsbahn buys 


almost exclusively electrically driven cal- 


_ culating typewritters, in which not only 


the type bur is electrically worked but 
also the calculating mechanism and the 
return of the long and heavy carriage. 
Electric operation increases out-put by 
at least 30 %. 

Such electrically operated calculating 
typewriters lend themselves to the pre- 
paration of wages and salaries sheets for 
the workmen and officials. The ma- 
chine writes the various kinds of pay- 
ments due — time and contract work — 
etc., and the deductions such as tax, sick 
fund, health insurance, rent, ete. for 
each employee on one horizontal line; it 
balances the amount and totals up the 
individual columns of pay and deduc- 
tions for all employees in the same group. 

If there are so many columns to be to- 
talled that the machine has not enough 
totalizers for the purpose, the pay sheet 
is divided into one pay or salary list and 
one deduction list. 

At the same time that the pay sheet 
is typed, the pay ticket for the employee, 
setting out tax and other deductions, is 
manifolded. 

Electrically operated bookkeeping ma- 
chines are adapted for use in connec- 
tion with the perforated card system by 
coupling them with a punching machine 
(fig. 1). The machine operates as fol- 
lows: as soon as a figure key on the book- 
keeping machine key board is pressed the 
corresponding mechanism in the punch- 
ing machine is actuated and punches a 
hole in the card corresponding in posi- 


tion to the figure printed by the type- 


writer. These coupled punching and 
writing machines simplify the work of 
perforation and ensure agreement be- 
tween typescript and perforation. 


Fig. 14. — Hlectrically driven typewriting-calculating machine with exterior counting mechanism, coupled with card punching 1 


2. — Duplicators. copies made from one stencil may be as , 


The small offices of the Reichsbahn 
generally use flat duplicators having a 
clay or gelatine composition. Depots or 
offices of medium size use hand work- 
ed rotary duplicators. For the purpose 
of receiving the copy ordinary writing 
paper is generally used with a hecto- 
graph sheet prepared either by hand or 
on the typewriter. 
ble copies are obtained. 

The larger offices use rotary duplica- 
tors electrically driven or worked by 
hand. Stencils are made of specially pre- 
pared paper or tissue. The number of 


About 60 to 80 legi- 


high as 5 to 6000. . 

In the Divisional Offices electrically 
driven duplicators are in use which print 
on paper from rolls or fan fold. These 
machines work, on the off-set system. 
Metal plates are used, impressed by means 
of types or press dies, as desired, or they 
can be inscribed by a typewriter, pen or 
stylus. The metal sheet can also be used 
for ‘photo-mechanical reproduction of 
illustrations, script or drawings. : 

The output of such machines reaches 
6000 sheets Din A 3 (297X426 mm, = 
11 23/32 x 16 9/16 inches) per hour. 

The advantages of the above system of 
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duplication lie in the fact that the sten- 
cils can be produced very quickly. The 
personnel does not require to be specially 
trained to operate the duplicators. 
Setting up is simple and quick. 


3. Calculating machines. 
a) Adding and subtracting machines. 


Adding machines can be divided into 
two classes; those which have full key- 
boards and those with only 10 keys. The 
full keuboard machines have a row of 
keys for each column which include fi- 
gures from 1 to 9. The noughts are 
written independently. The writing me- 
chanism of most full keyboard machines 
can be split for tabulating. 

The ten-key-machines have only ten 
keys for the figures 1 to 9 and 0, as also 
auxiliary keys for printing in two or three 
noughts. § — 

As compared with the full keyboard, 
the small number of keys is more suitable 
for « touch operation ». The results of 
our time studies are generally in favour 
of the ten-key machine. 

Hand operation for adding machines is 
being steadily replaced by electric drive; 
the advantage of this form of drive is 
specially evident on account of the sup- 
pression of the one time lever. 

All adding machines are fitted with 
writing mechanism. The simple machi- 
nes write the figures on a paper roll; all 
other machines are fitted with a carriage 
of the size usual for typewriters. In 
making out pay sheets, working in con- 
junction with addressing machine js ad- 
vantageous (see section 7). 

The Reichsbahn uses the following 
basic types: 

Simple adding machines with one tota- 
lizer (10 columns), for simple caleul- 


ations such as those necessary in connect- 
ion with goodsworking for adding up 
totals of all sorts, totalling weights, etc. 

For totalling up the control strips of 
ticket printing machines which do not 
add (see fig. 8) simple ten-key machines 
which are specially secured against inter- 
ference, are used. The printing mechan- 
ism and the paper rolls are cased in and 
the « not add » key is locked, while the 
paper roll can only be moved in the run- 
ning direction. The totals worked out by 
these ticket control machines are abso- 
lutely correct when the totals of ticket 
issues written on the paper strip are 
compared with the results on the stamped 
strip of the ticket printing machine, and 
are found to agree. 

Adding and subtracting machines with 
one totalizer (10 columns): 

Must be divided as between machines 
capable-of subtracting to 0 and the so 
called balancing machines with direct sub- 
traction below 0. The first mentioned 
machines suffice for most requirements. 
For instance these machines are used by 
the Traffic Control to check the work of 
ihe issuing printing machines and to dis- 
pose of badly printed tickets and those 
sectioned for children, etc. 

The balancing machines are used for 
stumple bookkeeping operations. 

Balancing machines with more than 
one totalizer (10 and more columns). 

These machines are similar in their 
supplementary attachments to calculat- 
ing typewriters but inferior in the matter 
of text writing. 

The Reichsbahn Central Office uses a 
10-key balancing machine for making up 
the salary lists; this machine has two to- 
talizers and is electrically driven. The 
names of the employees are represented 
by numbers and the designations of the 
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g. 2. — Full-keyboard adding and subtraeting machine (balancing machine) with 10 colunms, 


415 collecter mechanisms, electric drive and split-up roller. 


various deductions from salaries are also 
replaced by numbers. 

In this pay sheet,- 8 columns have 
to be filled in for each official and the 
emoluments of 160 employees can be 
worked out and entered up in an hour. 

As the machine is only fitted with two 
totalizers, a large number of operations 
are required for the totalling of all the 
vertical columns. 

Lately a 15-column full keyboard ma- 
chine with 15 collector mechanisms has 
been under test (fig. 2.). This machine 
is capable ot totaling up 15 vertical co- 


lumns in addition to dealing with the 


salary and deductions for 
dual employee. 

By coupling the adding and the punch- 
ing machines (10-key machine, fig. 3) the 
separate work of punching is saved and 


each indivi- 


the agreement between the figures typed - 


and caleulated on the 10-key machine and 
the punched card figures is assured. 

The economy of the adding machines is 
dependent on the kind of writing and cal- 
culating work that has to be carried out. 
Saving of time is from 20 to 80%. Em- 
ployees are also released for more impor- 
tant work. , 

The adding machines which have been 


i i i 
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Hg. 3. — Ten-key automatic adding and subtracting machine (balancing machine) with 2 counters, electric drive; 


coupled with card punching machine. 


converted to accounting machines save 
appreciable time when run continuously. 
Conclusive experience has not however 
as yet been obtained. 


b) Machines for the four first rules 
of arithmetic. 


Machines with keyboard cost about 
twice as much as those with levers and 
shifting gear for the same output. The 
increased cost is however neutralized by 


the much increased output if the ma- 
chines are utilized to the full. 

Working of the machines by hand is 
tiring, owing to the frequent repetition 
of operations required to multiply and 
divide. Electric drive adds about 500 
Reichsmarks to the cost of the machine 
but increases the amount of work done. 

We use the following from among the 
large number of systems : 


Simple calculating machines with car- 
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_rying over tens transmission in the ro- 


tary counting mechanism, with levers, 


shifters, and keyboard and hand drive 
for all simple caleulating work in which 
multiplications predominate, such as ac- 
counting for freight, wages and material 
costs. Similar machines are used with 
electric drive, as well as a few with auto- 
matic multiplication and division for sta- 
tistical calculations and for bridge design- 
ing, etc. (fig. 4). 

Calculating departments (calculating 
rooms) and large offices are, where pos- 
sible, supplied with special machines 
adapted to their peculiar requirements : 


Calculating machines with controlled 
carry-over in the totalizers for caleula- 
tions with more than two factors, used 
for the purchase of wood fuel (fig. 5). 


Calculating machines with several ro- 
tary tolalizers, for statistical and other 
calculations involving percentages. 


Calculating machines with divisible 
totalizers, for calculations, in the course 
of which intermediate results have to be 
further dealt with, are calculating ma- 
chines with several totalizers, for accu- 
mulating results and for the simultane- 
ous carrying out of various kinds of cal- 
culations, such as checking and casting 
up the sales in ticket ledgers in the Con- 
trol Office for passenger traffic and for 
working out freight proportions in the 
Goods Traffic Control Office (fig. 6). 


The increase of output obtained by 
the use of calculating machines in repla- 
cement of mental work may be taken as 
being from 40 to 60% in the case of 
multiplication and from 60 to 80% in 
the case of division. The calculator 
working an electrically operated machine 
is specially freed from an appreciable 
amount of effort. 


4. — Cash registers. ° 


a) Cash registers are widely used by 
the Reichsbahn for accounting the tak- 
ings derived from the storage of hand 
baggage. Depending on the local arran- 
gements of the cloak room counters, cash 
registers are used jointly for receipt and 
delivery or for receipt and issue sepa- 
rately. 

These cash registers make it possible 
to do away with the signature of the re- 
ceiving and issuing employee; they have 
totalizers for the number of pieces recei~- 
ved, for recording the money takings and 
for the pieces of baggage issued. 

Machines used in cloak rooms with a 
medium amount of traffic are for rea- 
sons of first cost not fitted fur recording 
the pieces handled. 

The provision of cash registers in the 
cloak rooms does away with the keeping 
of receipt books, speeds up the working, 
safeguards the receipts and makes con- 
trol easier. 

b) In goods traffic the cash registers 
are only of use for the despatch of car- 
riage free consignments which are deli- 
vered with a three-part consignment note. 
The three-part consignment notes are pri- 
marily intended for the carriage free con- 
signments of the mass consignors. Under 
this system all hand bookkeeping in 
despatching and receiving goods stations 
is. done away with. The cash register 
prints in the name of sending station, 
day of delivery, weight and payment tor 
carriage on the three consignment note 
sections and totals the free carriage 
amount. 

There also cash registers which total 
not only the free carriage dues, but make 
up the totals for individual consignors 
but these totals must not exceed 45 at the 
most. 
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The despatching station receives back 
"in addition to the booking strip from the 
cash register one of the sections of the 
consignment note, the second section is 
kept at the receiving station and the third 
section goes to the consignee. . 

c) The cash register is of special im- 
portance in connection with express 
goods traffic. In 1928 the Reichsbahn 
handled more than 34 million express 
goods packages. The great partiality 
shown by consignors for this method of 
forwarding gave cause for some special 
encouragement. 

The express goods receiving offices 
are usually crowded into a small space 
with the passengers luggage booking ac- 
commodation and the approaches are often 
very unsuitable. It was therefore neces- 
sary to speed up the taking over and des- 
patch by properly organized methods 
and the installation of suitable auxiliary 
machinery to get over the want of space 
on the working floors and approaches. 

The lay-out of a typical express goods 
forwarding installation is described in 
Appendix V, page 989. 


3. 


Ticket printing machines. 


While issue of ready printed tickets 
from ticket cases is still practised today 
at booking offices handling a small traf- 
fic, a number of booking offices with 
busy traffie are fitted with ticket print- 
ing machines. These machines are only 
economical when the rates remain unal- 
tered for lengthy periods. 

The main advantage of the ticket prin- 
ter lies in the control and accounting for 
the tickets. Ordering and storing of 
tickets are done away with. The book- 
ing clerk can calculate his sales in a mi- 
nimum of time. Staff can be changed 
without loss of time, and without inter- 


tupting the sale of tickets, because 
tickets have not to be made over. Check- 
ing is sumplified and accounting made 
easier. 

Beside this, appreciable savings accrue 
from the cessation of tickets printing 
and the keeping of registers at the ticket 
printing works. In _ booking offices 
working with a and 6 type printing ma- 
chines, the number of tickets to be 
written by hand is considerably reduced, 
since the printing machines are fitted _ 
with so many printing plates, that tickets 
for many more stations can be printed 
than could formerly be stocked in the 
ticket cases. 

a) The printing machines shown in~ 
figure 8 deliver two printed strips one 
of which- is not accessible to the booking © 
clerk and serves for purposes of control. 
The other. strip emerges from the con- 
trol casing and can be cut off by the 
booking clerk from time to time. This 
strip is used for purposes of calculation. 
This printed strip carries a running num- 
ber, the cash value of the ticket printed, 
the class of ticket and a number from 
which the relative amount of traffie can 
be ascertained. 

Since these printing machines operate 
without addition, it is necessary that the 
individual value of the tickets sold as 
shown on the control strip should be 
specially totalled up. This is carried 
out on a typing-adding machine specially 
protected against‘ interference as describ- 
ed under « 5. — Adding machines ». 

b) The printing machine shown in 
figure 9 delivers a control strip with 
running number, cash value of the 
tickets sold, vehicle class, train class and 
destination station. The price of all 
tickets is brought forward and added by 
means of.a counting mechanism. This 
machine also at the same time provides 


PHS REUNIS*S ¢ 


Fig. 8. — Ticket printing machine without totaliser. (Blectric drive on the left, hand operation on the right). 


Fig. 9. — Ticket printing machines with counting mechanism and electric drive. 


Fig. 10. — Quick printers for passenger tickets (beside and above the window). 


the basis for calculating the takings of 
the booking clerks. 

The ticket statistics relating to num- 
bers, class, kind of traffic, ete., are made 
more difficult by the printing machine. 
The only basis is the control strip and 
all the figures required must be abstraet- 
ed from it. 


¢) The Stadtbahn and suburban traf- 


fic round great cities demands, — parti- 
cularly when the service is worked elec- 
trically — quick service to passengers at 
the ticket windows. As in this case the 
principal issues are for a few stations 
only, electrically-operated quick-printers 
(fig. 10) are the most suitable for such 
booking offices. The tickets are deli- 
vered ready for use on the issuing coun- 
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ter, by a short pressure on a key corres- 
ponding to the denomination of ticket 
required. 

The quick printer delivers the calcu- 
lations and statistics correctly and quick- 
ly; a separate counting mechanism is 
provided for each kind of ticket and this 
is inaccessible to the booking clerk. 
This counting mechanism shows at all 
limes the total and the various kinds of 
ticket sold. 


d) Automatic ticket machines are in 
use at all the larger passenger stations of 
the Deutsche Reichsbahn. One must 
differentiate between automatic machi- 
nes which issue tickets from the pack or 
roll which have been previously printed 
and automatic printers. The advantages 
arising from the use of automatic ticket 
machines are to be seen in the rapid and 
comfortable supply to the passengers. 

The automatic printers and the ima- 
chines which issue from ready printed 
rolls provide the best facilities for ac- 
counting. Automatic machines which 
issue tickets from the pack still call for 
a check as to the stock. 


6. — Addressing machines. 


Entries in headings and addresses on 
enyeloppes which are frequently repeated 
are mechanically printed on addressing 
machines. The address plates in use on 
the Reichsbahn carry in accordance with 
the size of the plate from 4 to 7 lines of 
print, 5.85 mm. (0.230 inch) apart, with 
from 30 to 36 letters of normal type, 
2.6 mm. (0.102 inch) spacing. If pearl 
type is used more lines and letters can 
be got on a plate. The plates are made 
of tin. The letters are impressed on 
stamping machines. Alterations to the 
lettering do not make the plates useless; 
in point of fact about six changes can be 


carried out. The impressions are struck 
off on single printers (fig. 12) worked 
by hand or foot or on printing machines 
with electric drive. 

The cost of purchasing the plates and 
the necessary storage cupboards and the 
stamping of the plates is small. The 
addressing installation, especially when 
using the single printer provides an ex- 
ceptionally advantageous opening for or- 
ganization. 


Single printer installations are used by 
preference (by the Reichsbahn Divisions, 
by head cashiers’ offices, etc.) for the 
addressing of letter wrappers and for fil- 
ling up headings. Such offices as are 
supplied with these machines can use 
them to advantage for various subsidiary 
purposes as for example the making out 
of postal delivery receipts, simple quit- 
tances and admission tickets for special 
occasions. 

The application of single printer in- 
stallations in the preliminary examina- 
tion of consignment notes, is mentioned 
in Appendix II as being a specially ad- 
vantageous example of their use. ‘ 

Printing machines are used for the 
copying of names and other fixed en- 
tries {such as family state, membership 
numbers, class of contributions and im- 
portant dates) in salary and wages lists. 

The stamped plates used in making out 
the pay sheets are, thanks to a simple 
arrangement which permits of a part 
cnly of the plate being used for printing, 
available for printing pay bags, tax cards, 
contribution lists and other such work. 

The Reichsbahn Repair Works use ad- 
dressing machines very largely in combi- 
nation with accounting machines (see 
Section 3) for making up wages sheets. 
Some Reichsbahn Divisions use similar 
installations for the completion of pay 
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Fig. 44. — Automatic ticket machine 
with electric drive. 


Fig. 43. — Driving gear of express post for documents. 
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sheets for the salaried staff pensioners, 
etc., for printing the names, numbers etc., 
of the payees. 


Of late the plates for making up of 
pay sheets where the payments do not 
vary (salaries, rents) are stamped with 
all the amounts composing the payment 
as well as the individual amounts of the 
deductions. With the assistance of the 
covering arrangement all the entries for 
each individual payee can be printed in 
the lists line by line, by the use of one 
plate. It is thus possible to use a simple 
adding machine for reckoning up the 
lists instead of the expensive accounting 
machine. 


The varied uses to which the address 
plate and addressing machine may be 
put may be gathered from the examples 
given above and these, combined with the 
low price of the machine, are leading 
the Reichsbahn to continued extension of 
their use. 


7. — Other mechanical auxiliaries. 
a) Express post for documents. 


Electrically operated lifts are as a rule 
installed in large administration build- 
ings for transmission of documents ver- 
tically from floor to floor and these au- 
tomatically serve the different floors. 


An express document post has been 
installed in the Headquarters buildings of 
the Reichsbahn in Berlin to connect the 
document lifts in the old building with 
those in the new extension. It consists 
of a conveying rope running on rollers 
which can be operated in any direction, 
vertically, horizontally as well as on ris- 
ing or falling inclines. The operating 
station for this conveyor is situated in 
the old building under the roof (fig. 13). 


An electric motor runs the driving sheave 
(at left in the illustration). On one 
side (at the right in the illustration) is 
the tensioning sheave for taking up the 
slack in the rope. The boxes for hold- 
ing documents are made of aluminium 
and have inside dimensions of 4030 
10 em. (15 3/4 41 13/16 & 3 5/16 in- 
ches); they can hold 5 ker. (41 Ib.) of 
papers. 


They are attached to the rope at the 
despatching station and are carried auto- 
matically forward as soon as one of the 
carriers built in to the rope passes the 
station (fig. 14-left) and are taken on 
to the station for which the document 
boxes are destined. There the boxes are 
automaticaily disconnected and remain 
hanging in a frame till they are removed 
by a messenger. Three boxes can come 
into any station one after the other. As 
soon as three boxes have come in the 
station, it is closed and a bell continues 
to ring till at least one of the boxes has 
been taken out. Fier 

The economy arising from this express 
post is due to the saving in messengers 
and the speeding up of delivery. 


b) Mechanism for announcing visitors. 


Tn order that as few guides as possible 
shall be required for announcing and 
accompanying the numerous callers who 
come to see the buyers and others, the 
following installation has been provided 
in the Headquarters building of the 
Reichsbahn. 

In the doorkeeper’s office on the 
ground floor, which is also used as a 
waiting room for callers, was placed a 
board which bears the number of each 
of the buyers (in the Reichsbahn Central 
Office each official has a number) in 
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Fig. 14. — A station of the express post, where the boxes containing documents are taken 
off or sent on. 


978 
XIV—9! 


Fig. 45. — Installation for announcing visitors, with board showing 
whether official to be called on is present or not. (Tube post in the 


fo: eground.) 


triplicate on red, green and yellow glass 
(fig. 15). If the red glass is lit up, the 
buyer is in his office but cannot see 
callers; if the green glass is lit, he is in 
and can be seen; if yellow, he is not in 


his room but somewhere in the bulding. — 


Tf none of the three glasses are lit, the 
buyer is not in the building. 
The lighting of the numbers is carried 


out by the buyer pressing red, green or 
vellow indicators on his desk. When 
the green number is illuminated the door- 
keeper sends up the caller’s card by the 
tube post to the buyer concerned. The 
buyer notes on the card if he will see the 
caller, and returns the card to the door- 
keeper and the caller is then free to go 
{o the buyer without a guide. 
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CONCLUSIONS. 4. The advantages obtained from the 
punched card system lie in the pos- 
sibilities for : 

a) carrying out investigations more 
quickly, more accurately and more 
cheaply, and numerous opportuni- 
ties of this nature are therefore of- 
fered to the Railway Management. 


b) carrying investigation deeper and 


1. The installation of office machines 
and other mechanical auxiliaries is 
justified if it results in more eco- 
nomic working. 


2. Increased economy can be achieved 
directly by simplification and chea- 
pening of the work or indirectly 


through the possibility of speeding 
up and improving the work to be 
done. 


opening up areas to research which 
could not have been dealt with by 
purely manual means. As a result 


light is being shed in places hitherto 
inaccessible and as a consequence the 
solution of important problems of 
scientific railway management is 
rendered possible. 


3. The introduction of the punched card 
system has been a specially impor- 
tant advance in statistical and caleu- 
lating operations. 
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Train service ticket 


Reichsbahn district 
in which operations are carried out : 


Train service ticket A. 


Train classifications 1-9 


Week No. .......-- IDALG yor ee eee i sdeaan nets 192.0. J Ean: Se Ro 
SS 
1|2 3 4/5]6|7|8]|9 10 vi 125ee | ase 4a9| Marsa eee 
Kind Guards Route travelled Kilometres Tons 
| of 'train) | See) serie || Ss eee ——————_= , | 
|Z = g eI ; 
i o & n 
2 2 ab 5 a | x iS r 2 
ee E Pog om Meets ee fs 3 = a z 3 
so] & |S/S/8/s/Sie] ¢€ : 3 4 5 : S 
See 7 a 
Bt [cel Se ee eae 2 se x = é x FI 
is =) aS eS) Oe o ) = ra 3 2 ep 
2 H 4 a = =| a i & 2 I 
= Slee 3 5 a z o 3 
[A &.| 5 se is Es & 
a |S 9 as 
1 a = 
4f2]3|4[5|6] 7/899 | 10[ 141] 12]13| 14| 15 | 16]ft4a]15a|46alf 47 | 18 | 19 


Se 


Train class numbers. 


1 = Express trains. 

2 = Fast trains. 

4 = Stopping trains. 

5 = Light stopping passenger trains, rail motor cars and rail 
motor car trains. 

6 = Cily, Circle and suburban trains. 

7 = Passenger trains carrying goods. 

8 = Express goods trains. 
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lassenger trains. APPENDIX I-A. 
Checked 

station at which the ticket is given up : AMOR NN eet la ceattiege Be Wei hacePitsey voce eke Beh ols | Biv sein) Gait o eied 
DOME eich Geese Scenes fens ICUS Bae PS BRR. o- “Aa SSE eee OC Re SRM Eien: Spramigio 
SS 

BO | 20 j22 | 23|..24 | 2 26 | 27 {|28|29[30f st 32 33 34 

eu e Nos. in oe wee contain Minutes 

ls |3 a | g 

¥ |'s & Goods vans for:| | % 2 io 4, 

23| 5 Deutsche a oe {3 b oa oS a 

ee Sg Reichsbahn peed! = 43 {3 {8 5 fe Bs i =| 5 Signature of 
Ss s goods wagons gon 2 pe 3 3 ao 4 ae ok train conductor 
22] > S S © | Gl oe = Elmes =) 4S N d 
ow] wo iS 5 it) a) = 4.5 i n (Name an 

> z Qa on So — | & 5 5 5a page home station), 
eel 2 |= (eles 2 | -S | pes 

\z = o12in = ace 

‘= | 5 | loaded | empty | !oaded | empty 5 es g|2 5 ale ae 

2 |S s oe S 55 B38 

ey aa a es B25 

} = 2 a es ee <4 No 

29 | 30] 31 | 82] 33 | 34] 35 | 36 | 37 | 389 39 | 40 | 44 | 42 | 43 | 44 | 45 

ee 


Class numbers for extra passenger train services and other special train worki ng. 


— 


Special trains run by the Management to strengthen timetable services without fare reducticn 
also relief trains before and after booked trains. 

Special trains run by the Management with reduced fares (week-end, sport meetin gs, the trains 
for Leipzig Fair and similar exceptional holiday traffic. 

Special trains ordered by individuals and parties. 

Empty trains of passenger vehicles, to time table. 

Specials of passenger vehicles. 

. Locomotive trips with goods vans (booked). 

. Locomotive trips with goods vans (special). 

Holiday specials. 


SDOnmRIGwW ww 


— 


ee ee ee 


Train service ticket B 
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Train service ticket 


Reichsbahn district 


in which operations are carried out : 


Train classification 10 to 32 and 34 to 37. 


WISE KMIN OM tein meee <u 


g 5 
AE S 
ba 2 eo 
Fa EI eI 
bale s ra 
SB fay = ° 
Qle 2 = 
as] BS = 
a iS = 
i S 3 
2 
7) 


1{243[4| 5] 6|7|8|9froft4)iefis 14[15] 16|1 :|18}19]20]21 
| 


g 
ic} 
oe 
3S 
o 
a4 
ve 
a] 
D 
n 
CS 
Lonel 
cS) 
q 
— 
S 
B 
Sil 


Home station. 


3 [4|5|6]7|8|9 


Guards. 


Number. 
Home station. 


Hl tl 


Hon dd dd 


eee, ferences $98 oiso | Seat cn te 
ae ee ae 13 14 15 |16|17|18 
ees Kilometres. Tons. 
é : 
= - 2 ifat 
, {S| ¢ p Zz | 2 /2|8 
| o g a 3 = 3 Fle 
ef 60 c fe = a & & x 
5 i) a ° 3 Q SS ile|s 
J S < & vo © g = a 
al bes e 5 3 |B IS 
: ae 
fe 
12»[20a]2tal]22|23]24|25|26|27|28]29]30|31/32)33|3% 
! 
wt 


Train class numbers. 


Through fast goods trains. 
Short distance fast goods trains. 
Through goods trains. 

Short distance goods trains. 

Mixed trains. \ 

Light goods trains. 

Tranship trains. 

Covered empties. 

Open top empties. 

Empties. 

Work trains. 

Service trains. 

Trains of damaged wagons. 

Works trial trips. : - - 
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e goods trains APPENDIX I-B. 


——<——— ee 
tation at which the ticket is given up: Checked: 


Nos. in cols. 16 to 23 contain Axles of : Minutes. 


A o o 
4 Goods vans Damaged te Pal E i 
| i Ey oy) : icles. J 52 | BEd 
Deutsche Foreign So for “ _Yehiel we Ey & =| & Bienntare 
aichsbahn goods E al 4-38 2 oe 1 2% aa 
ree: ee aS 3 3 3 ie = EA z an 2 | train conductor, 
° 
i) el) io 2 % | Goods S £ ws 8 Granroend 
n nee —_ 88) : 
| g 7 pal) ae & FI stock. 3 Ke = 2 3 home station) 
~ /emp- S A ; 
a ae E ded in w | 2 | £ a ee 1238 
te ie Su a | 4 |as 


'[38|39|40] 41] 42]43|44]45 2+[23]24|25]26|27|28]29|30|34]32]33]34|35]26|3738|39|40|41|42[43 


Numbers for extra train services and other 
special train working. 
4) Ordered trains for goods traffic. 
5) Special trains for goods traffic. 
8) Light engines with goods vans (booked timings). 


9) Light engines with goods vans (special timings). 
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Locomo 


e es e 
Locomotive service ticket Date Locomotive 
sent off under es Depot it a ae a 
No despatch number 
. : epee eS hee) ot ecceeceh Reichsb. Division : -------------------— 
zl Geet ae EN 1h ol 10 mol 12 
p ipcomotve. : Locomotive driver Locomotive river 
ertor- unning * e * * 7 
mance weight Home station Depot ae Groups Order Depot Number 
figure in tons 5 Driver | Fireman number 
———. | ——_—_——- > 
oO 10] 1 12 | i 
SS a EE a oe ees ee 
sty bili: 121131 14905 | 16 | 171 18 | 19 8 oe 
i ET 
23 24 |25 |} 20] 27 | 28 | 20 32 33. 34 | 35 36 
2233 ei a Bours puonure 22 Reserve — islapet Kilometres run by Weld 
2 a = n ° 
Bes sj of [se With} with in [22 duty i v4 2 i Train epee hi 
SBee train |9=]/ train |shunting} private | =. Aen eke ae becoe one pie 
ABS loc. |locomot.| sidings [== Gre etc. locomotive or rear) haule 
—$<— |__| ___ aa, —_—— | |] —$— $$ | —___—_. {gross to 
14, 15 § 16} 17 | 18 9° EE Es Oe 22 | 23 | 24 Dia 23 29° 30 | 31 | 324) 33 | 34 1 35 | 36 | 37 | 38 
Totals : 
Caleulation “a 
as to d ase 
“ performance : | a ie y 
x 
Locomotive-kilometres | x | Cols 
Total 
Tonne-kilometres hauled by locomotive 


a, 
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APPENDIX II. 


Driver: Fireman : Checked : 
(Values of cols. 17 to 22.) 


‘4 15 l 16 17 l 18 | 21 22 


Total of Running time (minutes) in group : Rest Night 
Locomotive- } 


Tonne-km. 
in 


time 
a b c Dri- 
km. thousands ae 


work 
Fire- 
ver { man 


uber 


3 4 25 | 26 | 27 |28 | 29 13 Val (32 | 33 | a4 | ao | 30 | 37 | 38 | ao. 21°43 | 44 | 45 


37 38 “5 For special 
7 45 Only for staff duty: duties 
Feo Running see below 
(ne-kan., 

time 


39 40 5 A 
Pires as in minutes (a Ee PT LES LA | TT 
SS, | Train number ae) Nita: Signature of train conductor 
O | 41: 42 I 43 | 44 eee es Ne trom IL Sto 45 from Name | Home station 
i 7) a a a ae 
i . | aa 
H | | 
bela | 
i | 
i | | 
3 | | { | 
i | { | 
| 
i | | | 
; | | 
} 
H 
. ena | 
: 
| Bi eI aa ee | a 


Special duties: for calculation of allowance. 


Signature of locomotive driver : Name : Rauk : 


ayes) Surmoys yaeyy 


‘Myer spooS jo suo, you oyy eAtd sooeds ysep oy} Ul sainsy oy, 
$ SeATJOUNOIO] OY} JO JYSIEA ssord oy} ‘JANOy oy], 
$surez} oy} JO 4ySIeM ssord oy} “Pslgy, OUT 


499 £gejxe Jo Jequinu ey} ‘puooes oy, 
«b, $ und sured, Jo Joquinu ey} SMoYs 40S 4Suy OL 
In gsse9 a  SMOT[O} se 
SSR peor oq ysnux sooeds foa8 pue Load yy St] oyy Ul WeAIS sendy oy, 


*su0} jou > ONFeI) spooH 
*gu0} ssou3 : dyes, spoop 
suo} Ssold : oWjed} soduesseg 


| JIDBYNIS 


voce ese ss 


Cateajossésfosucks (aemers6i/oeIehs Yte, 


— 


a 
Es ‘i 
aoe 

ence sae 


5 
vas noyvayn— 


es | panes Class x 

mark, number. wagon 

Movement : 
Mi 51403 1 


sheet for loaded wagons, 


Grauhof 


a| ble lia be je} ¢ ito 


Number . a Delays at despatching station on account of: 
wy pate 2 &i \ 
Er SES ase | tole lee |. fic 2 | SS) 22 
of pes eal) es = |e3| 8 = |=) 23 
boo oo Zao sa Zz 2 | s2 = 2/52/23 
xs mot, ae 3048 35 & e |? 2 £ a s 
5S 343 3 Aa g 2 
Stk 38 3 an Punch with 
=| 
fs |e telstlsisvotzts 
pa flour 1 a 4 é ‘ 


To be filled in by destination station : 


(PS SSSSRETEC HASSE SS CORO SA CLEP R EP DE OSES HABE HES SMR SS CESSES SSS CSSA SAAS SEP ee E Seo SeeoeseSe 
ime oe tO} 414 jf) 42) | 1% -] 14 

S| a ee) hee: PET a 
Observation of wagon ended prematnrely 


bog o 
Placed ready Ay ae om WB | ye 
ae a0 ag i) a.m Ee 
53. wes for unloading. Pied so~ aun ces 3 SAB 
pec sc_ se eee =-53 age 38 ones 
DS 5) 3822 Eas a52 | 332/988 | es | dess 
iez(ee~ Be | 22 | 2s- | 452 | “2 | eee: 
Esl Peis Re ne : aos o 553 
as loading me ae) = 
place Punch with 
2 Z 
Day | nur | © | day Day | tour tiemalibes Pals ch) bad 


5 
) 99 
1 Piepizpisfi9} 20 fF 2 22 
5} 4 z a al b> Ble Alte Tl. 
o S = a S 3 Delays at destination station on account of : 
i a |e2] vB | Placed ready Aa, an 7) 
= $ |=S] & | forreloading eee ret er Se ons ee 2 
is SS S28 [en | 8 |. |g8 | 8 | ees 
= oe Z 3 3 
ee we CA ga° |g2)} 2].3| 22] s [ssa 
3 [23] 2 S12" | eae 2: 
3 a ae =] ; oi = 
rE; 3 ers a pred 3 Punch with 
2 fe Ma) Day! Hour} Dav] four! 7 | 2 | 3 Bal |_6 


| 
29 


cet ss ae 
Sa Enno x 
pan 1-< e 
23 | 24 | 25 : 
Prepeee. 2" fosioy Removal time at 25126 AoA alelees 
gesaading tinea, [PS12A espachingstagon ac Beeperason time PT ES§ 

Pespavching sta (Col. 4 up to departure, rh ). 
(Cols. 3 to 4) 2|7 Songirit ubver ieee 2|7 (Cols. 9 to 11) a|ei 
H 
a 

9 

26 | 27 | | 28 : : 
9915 ime for preparin 3132 Removal of the 33|340 
Unloading time 28 wv PS ey — J ]empty wagon at destinatior. 2 
t destination station Annee va station! 2 
(Gols: to l2). 2) 4 (Cols, 12 to 20). (Cols. 12 to 20. —/08 
s 
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APPENDIX IV. 
Remarks: 


1) Wagon classification. 
Casi 1S 5) 
Vee, 8,88 = 6 
Kas 5 i 7 
0,00 = 4 pies} 

*) Loading places. = 1] 


Free loading places, 
private sidings, port 
lines, industrial lines 
or loading and un- 
loading of private 
goods on free places. = 2 
Goods sheds, express 
goods sheds, loading 
into. trains; .4 ~s 5 
Railway Joading pla- 
ces (Works, Stores, 
Yards, etc.) or load- 
ing or unloading ser- 
vice material on free 
placOR ey pererrtse Ba 
Transfer of wagons 
from foreign lines or 
loading from nar- 
row gauge lines. . = 5 
8) For « tonnage control » 
always indicate « T ». 
*) Not lo be filled in for 
wagons without special 
destination nor for pri- 
vately owned wagons. 
5) Methods of despatch: 
Express goods wagon 


loadingy p--—+s.. ais 
Ordinary goods wagon 
loading 3 «he 2 
Special destination wa- 
gons for: 
Express goods in 
packapess.4 .F. = 6 
Ordinary goods ;in 
packages, -. #.= 4 
Dangerous goods... = 5 


Tranship wagons for: 
Express goods in 
packages . . .§ . (= 6 
Ordinary goods in 

packages. . .4. = 
Dangerous goods. . = 
Wagons without spe- 
cial destination ; 
For express goods in 
packages. . &.= 9 
Ordinary goods in 


ow 


packages . G = 10 
Dangerous goods . = Uy 
Milk AGE = 1 
8) Private goods... = 1 

Service goods. . = 2 

Military -goods. ey 
7) Kinds of goods: 

Manures of all kinds. = 1 
Hard coal, coke and 
briquettes wg 
Lignite, coke and ‘bri- 
tethas ee. SS 
Stone and broken stone = 4 
Otheryeoods' . % « . = 6 


Owner Wagon number 


To be filled im by train conductor : 4 
RRL ILRI LLL LEAL APRA LL OA ALR PAPL ALLA RG ORDA LLL ALDI DLA aA 
29 3u]_ 34 / 32 33 34. | 85 | 36° Past | 38. | 
alblalb] a |b | a |b |, antl | a 
- 
Time of Dts Kilometres and running time in the train classifice 
Station ay Acsiver wets 11 and 12 13 4 
Running Running R 
ume tne : 
# al £ 
mo |S 
Klingenthal 
: i » | 151/36 
Falkenstein ~ om) Vor TCT CR ie bese semen beeen ead emecicarampaeeny fare 
Ta ee Fee ane) Suet = 
Herlasgriin out fe L arigs) 2elayp ee |S ee ee 
Reichenbachi.V. _i% | ~ | 21|58] | Py i) ie 
ob. Bf, out | 25 1/30) 3 /32 
; in ” 4/2077 | Mai 82 
Gaschwitz out |» | | | 22/171 17 157 —l| SS ie 
= Same eae ORS iv 19 
L. Wahren out i ~T glia] 31 153 Pai 6 bss See ieee 
in) jada 9) 18] nei Pe 26 
Halle git Lor feet 4 fa'lgal 2. Igel as eet. 
diay eid oot a] 4G ct [ies od 59 2 |56 
Aschersleben out 28} || 11 4s} 23. Io2 oat ee 2 Ja mre ree feel oy) 
in |» | 14/50) | Ke 31 3 |02 
Halberstadt Sat Ey —|-] sisal is los — |S > 1 
, in f=} 4/4 ally al Pers — {50 
Vienenburg “outs [roel al Add. (40): 6.156 mal —|>=|=aae 
in J» | 12/57) | | iy 19 Le 
Grauhof Cm ae eae ac es Se eee ee | 
in jtaoct | 1 Os a me 
rit ai Nam Cone ea ie carte | (eae oe ‘ at Sem 
in ch lee iny a Sear abet ils ee 
out pz! oa (| ma 
in St eloe | ae eee 
H 46 47 48 lam 10\11 Ee Fe 15} 16 | 17| 18 124 fed | by 
. a eee | ee yt Wl Resa ot aa) (ea =) Pa 
: ee Palate Pibmatres & 10} 1 1/2 7. 
H 2 3 [4lslel7 3 
ee 5 3/36 = 
2 seeccseneeeneneeseneenenens BOs eeene seen eR sees esas ee eeseseee sees eee E Rene eeeaes Bees ee esse es seeseReeesee sees seeeseneeeee 
: To be filled 
Perri rrr iri iii iii iii rrr rrr Trt) 


1 ee I+ 
| a |b 


according to VZL) 


ls Other trains 
ape Running time Remarks. 
Z é g | a $) Enter « R» when wa- 
iz es Rime 3 = gon shunted for trans- 


SP fer to another train 
pl 2) C t 
3 118 ) Carry over from co- 
| | Ee ee eee lumn 16. 
3) Carry over from co- 
a 1 | 39 lumn 48. 
1_| —|20 
(pazaseascaietsenseuseeeeen 
cece ician 49, | 5 50 
eS a | | Total of 
Kilometres | Calculated 
i 25k : (Cols 34, 36, TENS 
—— ———|——_-|—_-_¢! : 
H 38, 40 and 42 Mee) Coie 


and 43, 


Appenpix IV (continued). 


Owner | Wagon number Class 


Mi | 51403 | 
| EES ca os ee Ee SN 


To be filled in by intermediate statiors : 


SRDS EERE MONE BIDS OES ESE ET PED 
44 45 
ailiiepec)jvatfienfet fig fa | i 
el Do al a Ds a lf 
: Delays on account of : 
|e |e 
Shun- Se iacs 3 3 
: SN Seals S| alle : 

Nn % <5] “ 
ee cence peice se os 
a Dd 

R 
RI yes yes 
pal a a 


missing 
ened 
Other 
causes 


o 
 @ 
- 2 
| ey | 


Documents 
Customs 
Weighing 
No room 
in train 
Redespat: 


Punch with 
LL) SEA EV aT a NT face [eyo 
45 


44 | 


35, 37, 39, 41 
F 


\ ‘ ee 7 | yes | | | yes | yes | yes | 
URS) 


tination station : 


15* 
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Description of the system for investigation of wagon movement. 


Every wagon which is to be observed 
receives a movement sheet which toge- 
ther with the consignment note accompa- 
nies the wagons to its destination. 

Special attention is called — by means 
of various marginal notes — to the 4 main 
sections of movement, the working up of 
which is the duty of a special section of 
the staff. The following are the sections 


into which movement is divided, for pur- 


poses of observation : 

a) Section for the despatching sta- 
tion. 

b) Section for the train journey (in- 
ner side). 

c) Section for the intermediate sta- 
tions at which wagons may be shunted. 

d) Section for the destination station. 


a) Work to be done at despatching 
station. 


The despatching station has to make 
out the movement sheet and to take care 
that the wagon and the consignment note 
maintain the desired connection. 


In the movement sheet heading and 
on the inner side the owing railway’s 
mark, wagon number and wagon classifi- 
cation number must be entered, and fur- 
ther on in the heading the name of the 
despatching and receiving stations; fur- 
ther the number of the despatching dis- 
trict and the description of loading 
places, which latter are divided into free 
loading roads, private sidings; goods 
floors, railway loading places, transfer of 
wagons from foreign lines or tranship- 
ment from narrow-gauge lines and other 
loading places. 


The time of placing ready for loading, 
day and hour, the time of completion of * 


loading time by which free time is ex- 
ceeded, and the possible causes for delay 
must be stated; in the last case the prin- 
cipal causes of delay should be specially 
stated; 


b) Work to be done by the guard. ~ 

1. The guard has to check the comple- 
teness of the movement sheet; 

2. See that the wagon under observa- 
tion is ticketed; 

3. Fill up such parts of the sheet as 
are his concern. 


This section of the movement sheet is 
expected to show how the wagon has 
fared during the train journey, in what 
class of train it was hauled and what 
time was occupied in running and in 
stops. 


There must be a fresh entry on the 


sheet as soon as any essential conditions - 


are varied. 


The following information must be en- 
tered up : 


1. Name of dispatching station; 


2. Names of all intermediate stations 
at which train staff was relieved; 


3. Names of all intermediate stations 
at which the wagon was shunted from 
one train to another; 

4. Names of all intermediate stations 
at which delays of more than two hours 
occurred, when no shunting was done; 

3. Names of all intermediate stations 
at which the classification of the train 
hauling the wagon was changed;, 


. 
| 
| 
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6. Name of the receiving station. 


Further entries include the mileage 
run under different classifications and 
the time occupied in running. All times 
given for arrival, departure and duration 
of stops must be actual times and not 
schedule times. 


c) Work to be done by intermediate 
stations. 


The intermediate stations must first 
of all check the completeness of the mo- 
‘vement sheet and then enter whether the 
wagon has been shunted, i. e. transfer- 
red from one train to another, and also 
the causes for delays and here also the 
principal causes must be enumerated in 
the sheet. 


They must also enter « Yes » if the 
wagon has gone out later for this cause 
than it otherwise would have done. 


d) Work to be done by the destination 
station. 


The destination station must at once 
enter up on the movement sheet from 
the consignment note all such informa- 
tion as cannot be got after the movement 
sheet has been separated from the con- 
signment note. These are the entries of 
the loaded weight, method of despatch, 
kind of goods, and whether they are pri- 
vate, service, or military goods : 


For methods of despatch : 

Express goods wagon load, 

Ordinary goods wagon load, 

Special destination wagons for express 
goods in packages, 

Special destination wagons for ordi- 
nary goods in packages, 

Special destination wagons for dange- 
rous goods, 


Tranship wagons for express goods in 
packages, 

Tranship wagons for ordinary goods, in 
packages, 

Tranship wagons for dangerous goods. 

Wagons without special destination 
for express goods in packages, 

Wagons without special destination 
for ordinary goods in packages, 

Wagons without special destination 
for dangerous goods, 

Wagons without special destination 
for milk (including empty cans), 

And for kinds of goods : 

Manures of all sorts. 

Hard coal, coke and briquettes. 

Lignite, cokes and briquettes. 

Stone of all kinds and broken stone. 

Other goods. 

The receiving station will then pro- 
ceed to make out the remaining columns 
of the movement sheet, enter the num- 
ber of the receiving district, the weight 
of load, day and hour of receipt, of the 
placing for unloading and the comple- 
tion of unloading, the time in excess of 
free time, if any, and the time at which 
the wagon is available for further use 
or that at which the wagon is sent light 
to another loading station. 

The receiving station, which at last 
has the necessary time to do so, must 
now work out, from the entries on the 
movement sheet, a number of time va- 
Iues showing the periods at loading sta- 
tion, the time occupied in movement at 
that point, the time taken in placing and 
unloading at the receiving station and 
in preparing for reloading or in remoy- 
ing the empty. The totalling up of the 
guard’s entries and the running and 


_ stopping times is also the work of the re- 


ceiving station. 
After all columns have been filled up 
the receiving station must deliver the 
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movement sheet to the Wagon Office 
of the Reichsbahn Division concerned. 
If a wagon which has been observed 


in working is sent off by the receiving 


station as an empty or if it is sent off 
empty by the Wagon Office, it receives 
a « sheet for movement of empty goods 
wagons » which accompanies it to the 
end of its empty run. The wagon itself 
is ticketed « Light running research ». 
The light run as a rule is finished when 
the wagon is placed for loading at the 
reloading station. 

In exceptional cases the light run is 
considered as ended if the vehicle stands 


more than 24 hours at an intermediate 

or reloading station or is withdrawn 

from traffic on account of damage. 
The entries in the movement sheet, 


which takes the same form and calls for | 


the same contents as the sheet for loaded 
running, are again made partly by the 
despatching station, partly by the guard 
and the intermediate stations and partly 
by the reloading station; they serve as 
in the case of the loaded running, the 
object of obtaining the time periods for 
the separate operations, the classes of 
the trains by which the wagons have. 
been hauled and the causes of delays. 
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APPENDIX V. 


Express goods central despatching. 


The most complete solution of the pro- 
blem of speeding up and mechanizing 
the dispatch of express parcels by the 
adoption of a Central despatching of- 
fice, is to be found in the main station 
at Stuttgart, where a new express par- 
cels form has been put into operation 
with most successfull results. 

The old express parcels form called for 
the frequent repetition of many similar 
entries. It consisted of three sections.: 
one of these was retained by the des- 
patching station as a record, the second 
was kept at the receiving station, and the 
third was sent to the consignee with the 
parcel. The entries on the first were 
repeated on the second and partly also 
on the third. The form also called for 
a large amount of writing work. 

In the new form (fig. 16) of express 
parcel ticket the sections are several 
superimposed tickets which are coated 
with carbon on the reverse. The spac- 
ing of the lines ‘is standardized in ac- 
cordance with Din 2101 and 2414. The 
standardization of the express parcels 
ticket is under consideration. 

The arrangement of the tickets is as 
follows: 


1st ticket, Entries for the express 
parcel. 

2nd ticket, Original of Express parcel 
ticket (remains at despatching station). 

3rd ticket, Delivery receipt (is deli- 
vered to the consignor and replaces the 
receipt book). 

4th ticket, The true express parcel 
ticket (accompanies the parcel; the left 
section is delivered to the consignee, the 


right section is retained at the receiving 
station). 

All entries are manifolded, the receipt 
book is abolished and the work of writ- 
ing out is much reduced. 

The delivery receipt can be filed by 
the consignor in his record together with 
the order and account. 

The old type of weighing machine, 
which was brought into operation by 
means of a lever has been replaced by 
an automatic high speed weighing ma- 
chine. It has duplicate indices, one for 
the use of the receiving clerk and a sec- 
ond dial from which the sender can read 
the weight. 

To save space, the despatching office 
has been separated from the receiving 
office and has been connected to a cen- 
tral despatching department. It has been 
possible to provide 12 receiving counters 
(fig. 17) in place of the 8 formerly used. 

The senders having large consignments 
are separated from those dealing with 
small lots and those sending off the lat- 
ter are not kept waiting till the larger 
consignments are dealt with. 

When despatching the following is 
necessary : The entries on the ticket 
must be checked, the weight must be 
fixed, the weight and number of pack- 
ages must be entered on the ticket, and 
the serial number must be affixed to the 
parcel. 

The express parcel tickets are carried 
from the receiving counters to the des- 
patching office by a conveyor belt and 
are arranged on the freight calculator’s 
desks in compartments. 
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Fig. 16. — Quadruple consignment note for express parcels with carbon-coaled reverse side. 
The entries in regard to receipts are manifolded on the corresponding slips, 


In the central despatehing office 
(fig. 18), the employees who were for- 
merly divided in separate despatching 
compartments are now brought together 
again. And it is therefore possible to 
adapt the staff to conditions of traffic 
ina much better way. While formerly 
the 8 receiving counters called for the 
employment of a similar number of em- 
ployees to meet the times of heaviest 
traffic, 5 suffice under the present ar- 
rangements to work out freights, serve 
the cash registers and take the money. 
Trained railwaymen are only necessary 


to work out the freight for special ta- 
riff parcels. 


The operation of the cash registers and 
the receipt of money can be left to un- 
skilled staff. 


The cash register prints at one ope- 
ration the original of the express par- 
cels ticket, the consignor’s receipt and 
the express ticket itself with the follow- 
ing entries: Day, month, year, serial 
number, weight, time of day to nearest 
five minutes, despatching station and 
freight. Similar entries with the excep- 


47. — Express parcels acceptance stand (goods station at Stuttgart) with belt conveyor for sending the documeuls 
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“« 


feferung zur Kasse 


to the central goods office. 


tion of day, month, and year are print- 
ed on a control strip. 

The control strip replaces the sales 
book in which entries were formerly 
made of all consignments with number 
of package, weight, freight and payments. 
This book was kept in the custody of the 
office chief. 

The cashier sends the delivery receipt 
stamped by the cash register to the con- 
signor for the payment due for freight. 
In the case of multiple consignments the 
cash register prints a so-called summary 


check for the total of freight due on all 
consignments. The consignor can check 
the amount shown on the summary check 
by the delivery receipt which is also sent 
him. 

The cash register adds cash receipts 
divided into totals for turns of duty 
and for different cashiers and the total 
shown on the control strip must be made 
over by the cashier concerned. 

The change machine increases the 
speed and the accuracy of the cashier’s 
work. He has only to pay in the amount 


PHS FEENTS. S.C 


Fig. 18. — Central express goods despatching office : 
Freight calculator. 


Fig. 49. — Address plate with identity badge 
consignment note checking. 
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due for freight to the machine and the 
machine throws out the difference be- 
tween the amount paid by the consignor 
and the amount of the freight, automa- 
tically. : 

As soon as the freight is paid, a con- 
veying belt running under the cash coun- 
ter delivers the express parcels ticket 
to the loading place. 

The new express parcels despatching 
system has assured the prompt accept- 
ance and despatch of parcels even in 
times of peak traffic. 

Consignors can see the acceptance ti- 
mes which are printed on the receipt 


ticket by the cash register, and are thus 
able to check the expenditure of time 
by their employees and vehicle drivers. 

In this way both the Consignors and 
the Railway save money and time. 

This new manifolded express parcel 
ticket has been introduced at many sta- 
tions on the Reichsbahn. It is to be put 
into use at all stations as from 15th No- 
vember 1929. 


The central system of handling, des- 
patching with conveyor, cash registers 
and change giving machines will be pro- 
vided from time to time at all stations 
with heavy express parcels traffic. 
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APPENDIX VI. 


Checking of consignment note at goods stations. 


The consignment note is checked before 
acceptance of the goods. 

Special checking stations have been set 
up at the larger goods depots for this 
purpose. The division of the work in 
checking consignment notes on one side 
and acceptance of consignment notes and 
goods on the other has speeded up and 
simplified the work of receiving consign- 
ments. The checking stations decide if 
the goods can be sent by rail, if the con- 
signment note is properly made out, espe- 
cially if the name of the destination sta- 
tion is correctly filled in. They ‘enter 
from the station tariff the manner of 
loading, the distance and, in the case of 
goods in packages, the tarif classification 
and freight charge. This saves the freight 
calculator the trouble of looking up the 
mileage and freight rates. 

In order to make the settlement of 
loading, mileage and freight quick and 
easy, the checking stations are provided 
with clearly arranged tables from which 
the required information and __ figures 
can be at once obtained. Mileage and 
freight charges are stamped on the con- 
signment note with rubber stamps. The 
rubber stamps are kept for the stations 
most frequently in use in a fixed order; 
their size however prevents their being 
kept in a big goods station in sufficient 
numbers, so that a majority of the con- 
signment notes must be filled wp by hand. 

At the speed at which these entries 
must be made in order to cope with the 
number of consignments offering at cer- 
tain hours, errors easily occur in making 
references and insufficient or illegible 
entries are made. This leads to delay 
or missending of consignments. In ad- 


dition writing by hand is slow and this 
loss of time is especially noticeable in 
the evening when the rush of traffic is 
greatest. Considerable increase of speed 
and accuracy can only be attained by the 
mechanization of the checking. 

The addressing machine arranged as 
a single printer meets requirements in 
this direction. The basis of the system 
is the address plate (fig. 19). The space 


to be seen in the bottom left hand corner 


serves for the control stamp of the check- 
ing employee. 

The stamp is interchangeable; it is 
placed in the machine by each checking 
employee on beginning his turn of duty 
and it is printed on all the consignment 
notes checked by him; on leaving duty the 
checker takes out his stamp which is re- 
placed by that of his successor. In this 
simple way the checker can be identified 
at any time. The top part of a consign- 
ment note bearing the printed checker’s 
stamp and the control mark is shown in 
figure 20. 

The plates are stored in cupboards in 
alphabetical order of station names. 
Each cupboard holds 600 plates. As a 
rule 7 cupboards make up one lay-out, 
so that 4200 plates in the cupboards can 
be placed within reach of the enpe 
(figs. 24 and 22). 

The name of the destination station 
is written on a little badge in legible 
characters on the narrow edge of the 
plate turned towards the front of the 
cupboard. The plates for package goods 
have white badges, while those for ex- 
press parcels have black writing on red 
badges. In order that the plates may 


smark. The parts between heavy lines are for the entries of the railway; the remainder is to be filled in by the consignor 


Nr. 


Only to be filled in by consignor 
when he loads the goods himself: 


(0) 
: (open Tare 
Numiber Owners | Weight top) in ker. 
mark tons orC (for 
(cover- | private 
ed wagons). 
of wagon. wagon) To 
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Despatched 


Destination station. 
If necessary, directions for trans- 
shipment (for example, by narrow 
gauge line to.....). 


of Danzig relating to transit traffic) 
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Re-charge for customs 
duty or taxes, 


Consignment note 


(Conditions of transport ure regulated by the Railway Traffic Order and the 
tariffs to be taken into consideration. = Traffic between East Prussia and other 
parts of Germany is governed by the Agreement with Poland and the Free Town 


Fig. 20. — Top part of consignment note. 


be quickly and easily removed from the 
cupboards they are fitted with small 
grips. 

Printing is carried out in the follow- 
ing manner: The plate for the destina- 
tion station is taken out of the cupboard 
and pushed into the head of the single 
printer. The necessary entries for the 
destination station are then printed in 
the space provided on the consignment 
note by a simple pressure of the foot. The 
plate is at once returned to the cupboard, 
taking care to see that it is replaced in its 
original position, so as to keep the plates 
always in the same order. 

The single printer has the following 
advantages : 


1. The bad and illegible hand writing 
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is replaced by clear and clean print for 
the work in connection with consignment 
notes, which makes the multiple manipu-~ 
lations of these notes quicker and easier. 


2. The search for mileages and freight 
rates through voluminous tariff lists is 
saved. 


3. The entries printed with the desti- 
nation station are absolutely correct (dis- 
tance, rate, etc.) and form the reliable 
basis for calculation of freight charges. 


4. The destination station is relieved 
from the necessity of checking mileages 
and rates. 

5. The advance checking of the con- 


signment note is appreciably speeded up. 


Abb.(24, — Pedal adress printer and cupboard 
for storing 2400 addressplates. 


» Fig. 22. — Installation for checking invoices (goods despatching office, 
Berlin-Anhalt, 
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PREFACE. 


As a basis for the discussion of signal- 
ling methods on lines carrying fast-mov- 
ing traffic, a very interesting review was 
given at the last session of the Congress, 
held in 1925, of the signalling systems 
in force in a number of the countries 
taking part in the Congress. The infor- 
mation alluded to above is supplemented 
in the following by a similar review of 
the German signalling system, which 
differs fundamentally in several respects 
from the systems already reported upon. 
In addition an account is given of the 
experience gained by ‘the Deutsche 
Reichsbahn with daylight signals and au- 
tomatic block working. 


CHAPTER I. 


Principles underlying the signalling 
system adopted on the main lines 
of the Deutsche Reichsbahn. 


A. — Signalling system. 
1. — Home and distant signals. 


' The fixed signals used in Germany for 
railway traffic are the so-called home or 


(‘) Translated from the German, 
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main signals, which serve to protect rail- 
way stations or block sections or some- 
times to cover particular danger points, 
and further distant signals, which are 
placed at a suitable distance in the rear 
of the home signal. These latter serve 
to prepare or to warn the driver of the 
approaching home signals (fig. 1). 

The home signals indicate « danger », 
by day, by means of a horizontal arm 
placed to the right of the signal post. 
At night time they show a red light, and 
with very few exceptions this is the nor- 
mal state of the signal. For the « line 
clear » position the arm slopes upwards 
to the right and at night a green light 
is shown. The height of the home signal 
is chosen in such a manner that it can 
be seen from as great a distance as pos- 
sible. For this reason the height is in 
some cases as much as 15 m. (50 feet) 
and more. 

On the other hand, the distance at 
which the distant signal is visible is not 
given much consideration but much 
more importance is given to ensure that 


-it will catch the driver’s eye, even in 


foggy weather. This requirement pre- 
vents the placing of distant signals at 
considerable heights and leads to the 
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_ placing of the signal as nearly as pos- 
sible at the level of the eye of the engine 
driver. According to experience gained 
in Germany, dise signals are particularly 


a) Halt b) Fahrt frei 


rot 


‘grin 


One. 2S 
ope grin 


Fig. 1. — Home signal and distant signal. 


Explanation of German terms: 
frei = Road clear. — Rot = 
— Gelb = Yellow. 


Halt = Stop. — Fahrt 
Red. — Griin = Green. 


favourable for this purpose. For this 
reason when’the home signal is at dan- 
ger, the distant signal is made in the 
form of an enamelled yellow disc of 
1 metre (39 3/8 inches) diameter, and 
this is always placed close to the right 
hand side of the track. This type of 
disc possesses great visibility even with 
a dark background and under poor light- 
ing conditions. As will be seen in 
figure 2, even when the space between 
tracks is so small that a signal bridge or 
gantry has to be used, the disc can be 


brought sufficiently close to the view of 


the driver. 

When the home signal stands at line 
clear, the distant signal disc is moved 
through 90° about its horizontal axis. 
Some experts consider this arrangement 
as unsatisfactory from the theoretical 


Fig. 2. — Signal bridge with distant baN 


point of view, because apparently the 
signal offers no surface which will ren- 
der it visible to the eye. It is true that 
when the line is clear there is no im- 
mediate danger in overlooking the distant 
signal, but it might have a disturbing 
effect on the driver. For this reason a 
very noticeable mark, consisting of a 


black St. Andrew’s cross on a white. 


background is mounted on the post car- 
rying the signal, and by means of this 


the driver can be sure of picking up the 


distant signal. E 


Once it has been sighted, experience 
goes to show that there is no difficulty 
in recognizing whether the disc is turned 


over or is in the vertical position. In 


order to assist in picking up the distant 
signal in the open country, the practice 
adopted in Belgium and Holland was 
introduced in the year 1926 and consist- 
ed in placing from 3 to 5 warning boards ~ 
in the rear of distant signals applying 
to home signals at entrances to stations 
or sections. The arrangement is shown 


- in figure 3. 
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The general arrangement of the dis- 
tant signal and its accessories has the 
great advantage that special warnings in 


foggy weather (detonators) can be done - 


without. This is an important matter 
in Germany on account of the climatic 
conditions, because, on the one hand fog 
is not so frequent in that country as to 
justify special gear and a special organ- 
ization for putting down detonators, 
while on the other hand it is necessary 
to provide sufficient protection against 
the evil of occasional fog. 

As regards night signals, great impor- 
tance is attached in Germany to the ne- 
cessity of avoiding the use of the same 
light for different signal indications, 
while on the other hand the number of 
suitable signal colours is limited to three 
(red, green, yellow). It has therefore 
been necessary in some cases to have re- 
course to double lights. 

When the home signal is at danger a 
red light is shown and the correspond- 
ing signal on the distant post is given 
by two yellow lights placed obliquely. 
For line clear the home signal shows a 
green light and the distant signal two 
green lights placed obliquely. The re- 
quirement that each kind of signal 
should be indicated by a different sign 
is thus fulfilled. The object in doubling 
the yellow lights was to prevent confus- 
ing red and yellow. 


2.— Spacing of signals. 


The standard distance between distant 
and home signals on the German State 
Railways is 700 metres (2296 feet). On 
rising gradients and at such places where 
the distance necessary to stop a train by 
braking is substantially less than under 
normal conditions, it is permissible to 
reduce the spacing. An increase in the 


space between distant and home signals 
up to 1500 metres (4920 feet) is per- 


a) Anordnung fur auperhalb der Gleise 
stehende Vorsignale 


@ 6) Anordnung fir zwischen oder 
uber den Gleisen angebrachte 
Vorsignale 


A 


¢) Abstand der Baken und 
Neigung zur Gleisachse 


250m 
Fei 
O-# 


Fig. 5. — Warning boards preceding 
distant signals. 


Explanation of German terms: a) Anordnung fiir 
ausserhalb, etc. = Arrangement for distant signals 
placed outside the track. — b) Anordnung fir 
zwischen oder, etc... = Arrangement for distant 
signals placed in the four-foot or above the track. 
—c) Abstand der Baken, etc... = Distance between 
boards and inclination on the center line of the 
track. — Fahrrichtung = Direction in which trains 
run. 


mitted, if thereby it is possible to com- 
bine the distant signal with the home 
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signal in the rear, thus simplifying ob- 
servation of the signal. 

Whether with a further increase of 
the speeds of express trains the spacing 
of 700 m. (2296 feet) will suffice in 
the future, depends on developments in 
the braking equipment of the trains. 
Under present conditions the spacing of 
the distant signal of 700 m. gives ample 
security for speeds up to 100 km. 
(62 miles) per hour, with the usual brak- 
ing equipment and when using coaches 
having a corrésponding braking capacity. 
A greater speed is only permissible if the 
train is equipped with quick acting 
brakes of the latest design. 


The distance prescribed between the 
home signal and the danger point is 
50 m. (164 feet) as a minimum. This 


“space is however increased, if the first 


danger point after the home signal is a 
crossing or if for any particular reason ' 
there is special danger of over-running 
(fig. 4). 

On lines which have been experiment- 
ally arranged for automatic train control, 
the distance of the home signal from the 
danger point has been in part fixed un- 
der special rules having reference to the 
method of operation of such installations. 
So called overlap block working, that is 
to say the clearing of a whole block 


Gefahrpunkt 
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tly 
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Fig. 4. — Protection of a danger point. 


explanation of German terms. — Gefahrpunkt = Danger point. 


section ahead of the home signal when 
a train is approaching it is only intro- 
duced here and there at specially dan- 
gerous points. 


3. — Indication of diverging routes. 


A specially difficult signalling problem 
arises at those points where the tracks 
divide into branches in advance of the 
signals. Under the well-known bracket 
or geographical system, which is adopted 
in several countries, a separate signal post 
for each branch road is mounted on a 
bracket. 

The signal aspect is formed horizont- 
ally. When the branches originate in 
several tracks, it is necessary under this 
system to supply a separate bracket for 
each original track which carries the 
horizontally disposed short signal posts 
(or dolls). As against this horizontal 
system an arrangement is adopted in Ger- 


many which may be described as the ver- 
tical system. Here again there is a signal 
post for each originating track, but the 
arms referring to the different branches 
are arranged vertically one above the 
other. Signals with two and three arms 
are in use at branches, according to 
whether one or two branches from the 
straight through track are to be signalled. 
The different signal arrangements of a 
3-armed home signal are shown in 
figure 5. A particular feature of this 
type of signal, in which it differs from 
the practice of most other railways, con- 
sists in the fact that those signal arms 
which for the time being do not form 
part of the signal indication or aspect, 
do not stand in the horizontal position 
but vertically in front of the post and~ 
that at night the corresponding signal 
lamps do not show a red light but are 
covered up. 
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The object of this arrangement is to 
prevent the appearance on the particular 


O-rer onan * alc oman 
gran “—gniin 
‘ nin 

a 6 c 


d 
Fig. 5. — Three-arm main signal. 


a) Signare in Grundstellung 


LL, so 


y 


6) Fahrt von XnachY und vonY nach X 


¢) Fabrt von X nach Zund von ZnachX 


“ZBNG 
i 


Fig. 6. — Branching off point. 


Explanation of German terms: a) Signale in Grund- 
stellung = Signals in normal position. — b) Fahrt 
von X nach Y and yon Y nach X = Trains moving 
from X to Y and from Y to X. — ¢c) Fahrt von X 
nach Z and von Z nach X = Trains moving from 
X to Z and from Z to X. 


signal post in question of a danger si- 
gnal alongside the line clear signal, and 


2) Dreifligelige Signale 


further that when a danger indication 
is to be shown there should be no need- 
less multiplication of danger signals. 

Figure 6 shows the arrangement of 
signals at a junction between stations. 
Branches at the entrance or exit to or 
from a station are treated in a similar 
manner. 

In figure 7 is shown the arrangement 
of signals as it would be in the German 


0) Kandelabersignale 


Fig. 7. — Signals at branching off points. 
Beplanation of German terms: a) 
Signale = 38-arm semaphore. — b) 
Signale = Bracket mounted signals. 


Dreiflugelige 
Kandelaber- 


system for signalling a junction of three 
original tracks each leading to the same 
three destinations. It will be recognized 
that under the most unfavourable con- 
ditions that is with a 5-arm signal all 
set at line clear, the whole group of 
signals would show only five, or in the 
most favourable conditions, not more 
than three signals or signal lights. 
Opposed to this the same figure illus- 
trates a bracket system for the same 
conditions, where in every case the group 
of signals will show nine indications 
crowded very close together. 
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As regards observation of the signals, 
where several directions of origin are 
involved the vertical system practised by 
the Reichsbahn is more easily seen than 
the bracket system. 


In Germany so far there has been no 
indication given by the distant signals 
as to whether it is the straight through 
line or-the branch line which has line 
clear. However, experiences gained in 
operation tend more and more to the 
conviction that for express traffic lines 
a distant signal giving three indications 
is very desirable. 


B. — Arrangement of signals at stations. 
1. — Fundamental considerations. 


In equipping German stations with 
signals, the tendency of late has been to 
reduce the number of signals to a mini- 
mum. Apart from the fact that in signal- 
ling the greatest possible simplicity in- 
creases the general visibility, there are 
in Germany special reasons which make 
it desirable to make it as easy as possible 
for the drivers to pick out the signals. 

This is due to the fact that of late 
years it has become the practice to an 
increasing extent to arrange for the crews 
of the locomotives to take duty on long 


sections; and in addition the sections on ~ 


which they have to do duty are frequently 
changed according as it fits in with the 
arrangements for the locomotive service. 
Thus it follows that drivers who are sta- 
tioned at central points on the system 
have to be familiar with a considerable 
number of roads which may, in part, be 
of considerable length and over which 
they may only have to run trains at fairly 
long intervals. This circumstance is as 
far as possible taken into consideration 
in the lay-out of signals. 


2. — Home and starting signals. 


In view of the foregoing considerations, 
it is always the aim to manage with only 
one home signal at the end ‘of each sec-. 
tion which terminates in a station, even 
if in approaching the station several si- 
cnal cabin zones have to be traversed. 
This is possible by electrically interlock- 
ing the different signal cabins on the 
block system, either directly or through 
an intermediate control. The same me- 
thod is adopted for each road leading 
out of the station where, if possible, only 
one home signal is provided both as start- 
ing signal and for protecting the depar- 
ture route, and likewise to cover the first 
block section beyond the station. Hence, 
the starting signals are placed before 
the point where the tracks run together 
to form the single or double line as the 
case may be. 


starting signals. 


In order to make matters safer for 
non-stop trains running through the sta- 
tions, many of these latter have distant 
signals applying to the starting signals. 
They are arranged just behind or at the 
side of the home signals at the entrance 
to the stations. 


‘The possibility of doing without the 
distant signal applying to a starting signal 
was considered, and this was to be done 
by imitating the practice of some other 
railways where the distant signal for the 
home signal at the entrance to the station 
is used for giving « line clear » to a non- 
stopping train, that is to say, the distant 
signal would only be placed at « line 
clear » when both home signal and start- 
ing signal are at « line clear ». This 
arrangement would have the following 
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disadvantages if applied to German ope- 
rating conditions : 


1. Trains which are scheduled to stop 
at the station would frequently find the 
distant signal against them and this would 
cause the driver to slow down before his 
time even if the road was clear. Trains 
which finished their run at the station 
would of course always find the distant 
signal against them. = 


2. With an arrangement of this kind 
the meaning of the different distant 
signals which the driver would have to 
observe during the coursé26f.,his run 
would not always be the sai. Some of 
the distant signals would refer only to 
the nearest home signal. wheréas6thers 
might refer to two subsequent home 
signals. As against this the simple prin- 
ciple is now in force, in Germany, na- 
mely, that eyery distant-signal refers only 
to the home signal immediately ahead 
of it. 


3. The distant signal controlling the 


entrance to the station would under dense 


traffie conditions, be against the non- 
stopping trains in most cases, because 
the block section beyond the station would 
often be still occupied at the time when 
the particular train was approaching the 
signal at the entrance to the station. 


The separate distant signal for the 
starting signal was therefore decided on. 
If this distant signal is placed adjacent to 
the home signal, the wellknown rule ob- 
served by the English system, of signal- 
ling, namely, that the distant signal may 
only give line clear when the adjacent 
home signal is likewise at line clear, is 
similarly enforced in Germany. Accor- 
dingly the distant signal for the starting 
signal is electrically and mechanically 
interlocked in such a manner, that it is 
dependent on the position of the home 


and starting signals and can only give 
« line clear » according to which of the 
two former signals has been last placed 
in that position (i. e. « line clear »). 

The combination of a 2-arm home 
signal with one distant signal for the 
starting signals enables five different 
signal orders to be conveyed, namely : 

a) Stop. 

ib) Entrance to the through line clear, 
warning to look out for starting signal 
at stop. 

c) Entrance to the through line clear, 
starting signal will be at line clear. 

d ) Entrance to branch line clear, war- 
ning to look out for starting signal at 
stop. 

e) Entrance to branch line clear, start- 
ing signal will be at line clear. 


4. — Protection for shunting operations. 


A peculiarity of the Reichsbahn signal- 
ling is the fact that the main signals only 
refer to running movements, Hence shun- 
ting trains are allowed for example tc 
pass a starting signal which stands at 
danger without any special formality. 
The use of the home signals for protec- 
ting shunting operations could be dis- 
regarded all the more, because the prin- 
ciple of interlocking signals and points 
as practised in the case of running mo- 
vements has not been adopted for shun- 
ting. The control of shunting operations 
is mostly accomplished by hand and 
audible signals. In order that shunters 
may satisfy themselves that the points 
are in the correct position, all points 
which are not used exclusively for run- 
ning movements, are provided with point 
signals. These consist of opal glass signs 
on a black background and are illumina- 
ted at night. In addition, in order to 
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Fig. 8a. — Shunting protection signal 
(line blocked position). 


= foo feo Je ln fo | 


Fig. 9. — Application of shunting protection 
signals. 


protect trains running through places 
where shunting operations are in pro- 
gress, a so-called shunting stop signal 
(fig. 8a and b) is erected. This consists 
of a black bar on an opal glass hack- 
ground, which is illuminated at night. 
When the line is blocked the bar is hori- 
zontal; when the bar is shown sloping 
upwards the signal may be passed. Fig- 
ure 9 shows a case in point. 

With the system of point indicators 
there was formerly the important defect, 
that at places where there were double 
slip points, there was an accumulation of 
signals which made it very difficult for 
shunters to pick out the setting of the 


Fig. 8b. — Shunting protection signal 
(line clear position). : 


Fig. 10. — Signals for double 
slip points. 


signals, because each pair of poinis in- 
a group of double slips had a separate 
point indicator, that is to say, there would 
be four point signals. In the course of 
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the last few years a special point signa), 
invented by Professor Cauer in Berlin, 
has been introduced and in this the four 
signals previously used are replaced by 
a single signal as may be seen in figure 10. 

The white bars of the signal indicate 
roughly the plan of the roads commanded 
by the double slip points. 


C. — Exceptions. 


The foregoing details do not give a 
complete picture of the German signal- 
ling system, inasmuch as in certain dis- 
tricts of the Reichsbahn there are depar- 
tures from the general rules of signalling 
and there are special types of signals 


still in existence which date from the | 


period when a uniform system of sig- 
nalling had not yet been introduced. A 
detailed consideration of these exceptional 
cases is however beyond the scope of this 
report. 


D. — Plans for the further development 
of the signalling system in Germany. 


The German signalling system, like 
most other European systems has sprung 
from conditions of operation and from 
lay-outs which in comparison with exist- 
ing conditions, called for much less 
stringent treatment of the means adopted 
for safe working. Moreover, at that time 
experience was lacking which was only 
later on gained as a result of accidents 
on the railways. 

In spite of some very important impro- 
vements introduced round about the close 
of last century, the necessity has once 
again arisen in Germany to-day of modi- 
fying the signalling system to bring it 
into line with existing conditions of ope- 
ration. In considering at this point the 
question of further development of the 
signalling system, we are following the 


example of the Italian State Railways, 
whose schemes for future development 
submitted to the Congress in 1925, arou- 
sed great interest. The problem of mo- 
dernization would be most easily solved, 
if it were possible to abolish at one blow 
all the existing signals and to replace 
them by an entirely new system. Such 
a proceeding might under certain cir- 
cumstances be feasible with a small rail- 
way system, but in a great and compli- 
cated system, such as the Reichsbahn, a 
sudden change of this nature is prohi- 
hited for operating reasons alone, quite 
apart from the question of economy. A 
gradual development is indicated and it 
would appear desirable in proceeding 
with this to observe the following rules : 


a) The indication which is given by 
an existing signal can only be altered, 
if the alteration can be carried out simul- 
taneously over the whole railway system; 
such an alteration can therefore only 
come under consideration if the necessary 
engineering work in connection with such 
alteration is relatively slight. 


b) If a signal is to be replaced by a 
different one, both to have the same 
meaning, it will be necessary during the 
transition period for the old signals to 
be used simultaneously with the new 
ones. On the other hand, the continued 
simultaneous existence of two different 
signals having the same meaning ought 
to be avoided. 


c) New signal meanings must be ex- 
pressed by new signals, unless under the 
conditions mentioned in a) an existing 
signal may have its meaning changed. 

The collation of these conditions is of 
some interest in the international treat- 
ment of the signalling question, inas- 
much as it shows to what a great extent 
in this connection the future depends on 
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the past. This unfortunate dependence 
makes many solutions of the problem for 
individual important railway administra- 
tions impossible, although such solutions 
may be intrinsically suitable, and it pre- 
vents the general and uniform application 
of the principal signals to the systems 
in different countries. 


The following improvements have, in 
the course of time, been shown to be desi- 
rable in connection with the signalling 
system of the German State Railways : 


a) Introduction of a distant signal with 
three meanings, which would indicate 
« prepare to stop » (caution), « prepare 
for line clear to branch line » and « pre- 
pare for line clear on the straight through 
line ». The question was considered of 
providing for this purpose a signal arm 
in three positions. The consideration 
that on the less important lines an alte- 
ration of the distant signal is not called 
for and the view that the yellow disc, 
as a warning, mounted on a short post 
had justified its utility, seemed to indi- 
cate a closer adherence to the existing 
distant signal as being desirable. Above 
all the « caution » indication will presu- 
mably remain unchanged. For the mea- 
ning « prepare to run on to branch line » 
it is highly desirable that a signal shall 
be used, which strikes the eye of the dri- 
ver just as effectively as the caution si- 
gnal, because in fast running trains the 
difference between the braking distance 
for a stop and that required. for slowing 
down to branch points, is comparatively 
small. Two distant signals with three 
meanings, selected from a large number 
of designs are shown in figures 11 and 12. 

For the hours of darkness the following 
arrangement is proposed : 

Warning : 2 yellow lights. 

Branch line : yellow-green. 


Line clear on the straight through 
track : two green lights. 

All three pairs of lights being arranged 
obliquely. This grouping of lights, in 
itself simple enough, was open to the ob- 
jection that if the yellow light of the | 
yellow-green signal failed, that part of the 
signal which conveys the warning would 
be eliminated and the driver might take 
the green light which remained as part of 
a double green signal. It was therefore 
provided that only the lower lamp of the 
two should have a light, while the upper 
lamp receives its light by an arrangement 
of mirrors. 


b) Alteration in the meanings of the 
home signal, involving, a change from 
the principle of indicating the road, to 
the principle of indicating the permis- 
sible speed. 

With the present arrangement of si- 
enals the question, if the signal control- 
ling the entrace to a station road is to 
be indicated by one or more arms on the 
home signal, depends upon whether it is 
run through on the straight through or 
main track, that is the track allotted to 
non-stopping trains, or whether it is a 
case of running on to another set of rails. 


As a rule the main straight through 
track has a straight or slightly curved 
run, whereas the entry to other tracks 
is made over points with short curves. 


The engine driver thus has the under- 
standing, that the one arm signal allows 
him to run on without slackening speed, 
whereas the signal with several arms calls 
for a reduction in speed. It is true that 
in a small minority of cases the main 
track is likewise carried over points and 
short curves; in certain cases it even 
happens that the straight through road 
leads to the branch line while the main 
track is carried over points and short 
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Fig. 11. — Dise distant. signal 
with additional arm. 


a) Warning. 
b) Prepare for « line clear » on branch line. 
c) Prepare for « line clear » on through line. 


Fig. 120. — d-aspect distant signal of the disc 
type (Oldenburg pattern). — Warning. 


r 


Fig. 12b. — 3-aspect distant signal of the disc Vig. 12c. — 3-aspect distant signal of the dise 
type (Oldenburg pattern). — Prepare for type (Oldenburg pattern). —- Prepare for 
« line clelar » on branch line. « line clear » on the through line. 
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Fig. 13. — Present-day arrangement of signals in a station. 


‘ \ 
Translation of explanation (downward) : 
@) Normal position of signals; 
b) Entrance from X on line 2; Non stop passage over line 3 from ¥ to X; 
c) Non stop passage from Y to Z; 
d) Non stop passage from Y to X over line 4; non stop passage from Z to Y. 
Explanation of German terms; Blockstelle = Block post. 
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curves. In such cases, if the driver does 
not pay careful attention, the present 
system of signalling may be misleading 
and it is therefore intended to give the 
home signal the following meanings in 
the future : One arm : « line clear »; two 
arms : « line clear with speed reduction », 
that is to say the principle of indicating 
the road, is replaced by a system which 
indicates the proper speed. The 3-arm 
signal is to be done away with in the 
course of time. 


It is further intended to reconstruct 
as 2-arm signals those signals which do 
not govern a branch connection, but 
which are followed shortly by points 
which have to be taken at slow speed. 
Figure 13 shows an example of the arran- 
gement of signals at a station under the 
existing system, while figure 14 shows 
for the same station the signals arranged 
on the principle of speed indication. 


Certain difficulties were recognized 
when working out a scheme on this prin- 
ciple for the different sets of rails at 
larger stations. The principle of speed 
indication as described above necessitates 
the abandonment of any distinguishing 
indication differentiating the tracks of a 
group over all of which a speed reduc- 
tion is necessary. In special casés, how- 
ever, it is possible for the individual 
tracks under this heading to be laid out 
in such a different manner that the 
driver must unquestionably be able to 
recognize which road he is intended to 
take (route indication). This distinc- 
tion, once the principle of speed indi- 
cation is accepted, is not to be effected 
by means of signal arms or coloured 
lights, but by the application to the si- 
gnal post of a route indicator, which 
would only apply under special circum- 
stances. 


The route indicator shall either consist 


of figures which are illuminated at night 
time, similar to arrangements existing in 
England and Belgium, or a combination 
of white bars, lit up at night, in place 
of figures. The route indicator is not 
intended to be seen at a distance. 


The following considerations form the 
basis of this arrangement : 


When approaching a home signal, the 
driver need only recognize from a dis- 
tance whether he may run through the 
station at full spéed or whether he must 
slow down. In the first case a route 
indicator does not come into consider- 
ation; in the latter case he will have no 
difficulty in recognizing the figures or 
the bar signs as the case may be, because 
he will be passing these at reduced speed. 


¢) It is felt that a defect of the signal 
with several arms consists in the possi- 
bility of mistaking the signal when some 
of the atms may be hidden by bridges 
or other obstructions and especially at 
night should a signal lamp go out. It 
is therefore necessary to endeavour to 
replace the arrangement of signals hay- 
ing several arms by a single arm signal. 

Investigations are proceeding which 
aim at the following system for future 
adoption, in which single arm signals 
would be employed exclusively : 


Arm set obliquely upwards — green 
light — « line clear »; 

Arm horizontal — red light — « stop »; 

Arm set obliquely downwards — two 
yellow lights one above the other — « line 
clear with reduced speed ». 


This arrangement would enable a gra- 
dual change over from the present sys- 
tem to be made without too extensive 
alterations, for the reason that the two 
first mentioned positions which come 
most frequently into operation, do not 


Me 


b) Durchfshrt von ¥ dber Gleis 4 nach X, Durchfahrt von ZnachY 
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Fig. 14. — Projected arrangement of signals in a station. 


@) Grundstellung der Signale 


L, feces 


Fig. 15. —-Arrangement of signals in a station. 
3-aspect main and distant signals. 


constitute any change from the existing arrangement of the home signals would 
state of affairs. appear in conjunction with the distant 


Figure 15 shows how this 3-position signals which give three indications. 
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CHAPTER II. 
Daylight signals. 


The Reichsbahn started to employ co- 
lour light signals in 1924. The imme- 
diate cause of this was due to the fact that 
on certain sections, where electric trac- 
tion had been introduced, the proper 
observation of signal arms was rendered 
very difficult by the structures carrying 
the overhead line. To a certain extent 
this defect could be met by employing 
cantilever structures in place of the lat- 
tice-work gantries in order to make it 
easier to see through the supporting iron- 
work, and in addition by placing the ver- 
tical supports in such a way as to give 
a clear view of the signals. 


A really satisfactory solution could, 
however, only be achieved by using si- 
gnals of different design and which 
would stand out in much greater relief 
from the multitude of wires than the 
semaphore signals. This consideration 
led to an experiment with daylight si- 
gnals. 


A. = Trial installation in Silesia. 
1. — Characteristics of the trial section. 


The choice of the first trial section 
was governed by the desire to obtain an 


opinion as to the general applicability - 


of this type of signal to the Reichsbahn 
and the section was not chosen because 
it was particularly suitable for showing 
the value of daylight signals. 

From this point of view, therefore, it 
was necessary to choose a section, which 
by reason of its particular attributes 
would constitute a severe test of the day- 
light signals. The section Hirschberg- 
K6nigszelt in Silesia which is electrically 


operated was therefore chosen and this 
section has the following characteristics : 


1) Curves of small radius; 

2) The line runs through mountain- 
ous country, hence at many points dark 
woods form the background; 

3) Heavy snow in winter; background 
and light conditions are totally different 
when snow has fallen; 

4) Express traffic with maximum 
speeds of 90 km. (56 miles) per hour 
and in addition heavy goods traffic. 


Fig. 16. — Daylight signal. 
Home signal and starter on the same post. 


An example of the colour light signals 
installed on the Silesian trial section is 
shown in figure 16. 

For purposes of comparison a second 
trial section was chosen on the electri- 
cally operated suburban railway Berlin- 
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‘Lichterfelde (Ost), which in contradis- 
tinction to the first-mentioned section 
imposes much less severe conditions on 
the daylight signals. 


2. — Optical design. 


The difference between the daylight 
signals and the usual light signals used 
at night consists, as is well known, in 
the materially stronger concentration of 
the light used for the daylight signal. 
The cone of light is therefore much more 
acute than is the case with the ordinary 
light signal. This concentration of the 
light is the means by which the remark- 


hsierinie 
zum Evarichlen 


Fig. 17. — Old type of daylight signal. 


Huplanation of German terms: Visierlinie zum Win- 
richten = Sighting line for adjustment. 


able effect of the luminous signal in day- 
light is produced; at the same time this 
concentration introduces a number of 
difficulties. 

Whereas there is no difficulty in 
making the ordinary signal lights visible 
on curves on account of the considerable 
dispersion, the daylight signal is a dis- 
tinctly tough problem on curves, because 
beyond the narrow cone of light the sig- 
nal becomes entirely invisible to the eye of 
the observer. It was therefore not surpris- 
ing that on the Silesian trial section with 
its heavy curves the first experiment with 


daylight signals constructed according to 
the then existing design, as shown in 
figure 17, was not successful. 

Whereas the effect of the signal at the 
centre of the cone of light was so power- 
ful, that the eye suffered noticeably from 
the glare, it fell off so quickly at a slight 
deviation from the centre on the curve, 
that the light effect failed to make the 
signals sufficiently noticeable. Compar- 
ing them with the old type arm and disc 
signals, which were left standing during 
the trials, the impression that the old 
signals, when approached on the curve, 
were more effective than the daylight 
signals, could not be denied. 


The problem was therefore, by suitable 
design of the optical system, to materially 
increase the effectiveness of the signals 
on curves. For this purpose two me- 
thods were adopted by the manufacturers 
Messrs. Siemens and Halske, the effect 
of which is graphically illustrated in fi- 
gure 18. 

An hemispherical bull’s-eye lens with 
internal dispersion grooves (figs. 19a and 
b) was moulded so that : 


1. the disagreable glare at the centre of 
the cone of light was reduced and the 
light thus saved was distributed laterally 
and 


2. the cone of light was flattened out, 


_at the same time reducing the dispersion 


upwards and downwards. 


Further the light was concentrated as 
much as possible at the focal point of 
the lamp by means of a filament of the 
projector type and, a very important 
point, considerations of economy in cur- 
rent consumption were allowed to give 
way to reliability of the signals. 

The Osram-Nitra lamp which is used 
consumes 40 watts at 12 volts. The colour 
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Semtenstrevung 


erenstrewung 


ROME TOL TEL I SE 


Vig. 18. — Photodiagram obtained by means of lenses with various 
lateral and vertical dispersion. 


Gzplanation of German terms: Seitenstreuung = Lateral dispersion. — Tiefen- 
Vertical dispersion. 


streuung = 


Pig. 194. — New lens (Siemens & Halske). 


effect is produced by a coloured disc 


between the lamp and the lens. 
The following further steps were also 
taken to improve the conditions : 
According to the curvature of the sec- 
tion three different types of lenses were 
employed, one with an angle of disper- 


tHi—18 


Fig. 19b. — Projection of light beams 
by the new Siemens & Halske lens. 


sion of 4 degrees (type V. 4) one with 
8 degrees (type V. 8) and one with 16 de- 
grees (type V. 16) (see corresponding 
3 curves in figure 18). This graduation 
is based on the consideration that on a 
curved section the prescribed reduction in 
speed leads to a shorter braking distance 


Gt 
G2 


G3 


G4 
G5 
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‘so that the signal need not be visible at as 
great a distance as on a less curved por- 
tion of the line, and furthermore this 
distance is the less, the sharper the curve. 
The light gained by reducing the distance 
effect can thus be utilized for increased 
lateral distribution. 


3. — Visibility of the colour light signal. 


By the help of the above-mentioned 
devices it has been possible to fulfil the 
following conditions in a thoroughly sa- 
tisfactory manner : 


1. On the straight, provided there is no 
mist, the signal is easily seen at a distance 
of 1000 m. (3280 feet). 


Fig. 20. —- Determination of sighting distance 
in a curve. 


2. On curved sections in clear weather 
the signal can be depended on to give the 
full designed angle of beam and, even at 
the extreme edge of this angle, the light 
effect in very bright daylight: is still so 
powerful that the signal strikes the eye 
of the observer unmistakably. A simple 
mathematical calculation will give the 
distance at which a light signal will be 
observable on a curve of given radius, and 


without the signal again being lost to 
view on approaching more closely. 

For example, as will be seen in fi- 
gure 20, a signal with the 16° lens can be 
seen on a curve of 500 m. (25 chains) 
radius at a distance of 250 m. (852 feet). 

This suffices amply to pick up the 
distant signal with certainty in view of 
the limiting speed of 85 km. (52.8 miles) 
per hour which is imposed on curves of 
500 m. (25 chains) radius. 

The distance from which the 16° lens 
signal can be seen when running on a 
curve of 300 m. (15 chains) radius drops 
to about 160 m. (520 feet). This is 
the sharpest curve likely to come into 
consideration in general practice. This 
distance is however ample for observing 
the distant signals, because the speed on 
such a curve is limited to 65 km. (404 
miles) per hour. Under certain cireum- 
stances the distances do not quite suffice 
to enable a home signal, unexpectedly 
indicating for a branch line, to be sight- 
ed in time to reduce speed sufficiently. 
This defect however can be met by movy- 


ing the home signal a little further away 


from the point ‘where the line branches. 

For this reason in future the use of 
the 30° lens, designed by the Allgemeine 
Elektrizitéts Gesellschaft for sharp cur- 
ves, will be abandoned with a view to 
reducing the number of different types 
of lanterns. 

In future only two types of lenses, the — 
8° and the 46° will be used as meeting 
all requirements. 


3. The effect of the luminous daylight 
signals is to a very great extent indepen- 
dent of the background. 

4. No reduction of visibility at twilight, — 
whereas with the semaphore signals, nei- 
ther the arms nor the lights are readily 
visible during this period of the day. 
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5. In foggy weather the daylight signals 
are visible within their distribution an- 
gle from greater distances than the sema- 
phore signals. 


6. No reduction of visibility due to 
snow and ice. . 


7. No material reduction in visibility 
owing fo the suspension structures for 
overhead lines. 


8. Visibility from a train at rest close 
to the signal is satisfactory for signal 
heights up to 10 m. (33 feet) in spite 
of the reduced depth dispersion. This is 
due to the fact that the hemispherical 
lens stands out considerably beyond its 
mounting and the back plate of the signal. 


Certain advantages arise from the fact 
that the signal is invisible beyond its cone 
of light. On straight sections it has fre- 
quently been disastrously evident at 
night, that the driver has sighted in ad- 
dition to his proper signal the next one 
following it, and under unfavourable cir- 
cumstances the latter has appeared to 
him to be the first one. With the day- 
light signals the cone of light of the more 
distant of the two signals has under sui- 
table circumstances been depressed with 
reference to the section, so that the latter 
light only enters the driver’s field of 
_ view after he has passed the nearer signal. 
_ An important point in working out the 
electrical connections for the daylight 
signals which should be given considera- 
tion is the question of reducing the lumi- 
nous intensity at night. On the Reichs- 
bahn it is a requirement that at night 
the permanent way men’s signals, for 
instance « go-slow » signals at places 
where construction work is being carried 
on, etc., and the train tail lights should 
not show too dimly as compared with 
the daylight signals. 


From observations made on the trial 
section in Silesia the contemplated reduc- 
tion of pressure at night from 12 volts 
to 7 volts was found to be insufficient. 
In clear weather these signals at night 
appeared awe inspiring and enormous 
and the above-mentioned permanent way 
men’s signals, etc., burning paraffin be- 
came almost invisible. It was not until 
the night pressure was reduced to 5 volts 
that the brightness ratio between the 
daylight signals and the other signals 
was reduced to reasonable proportions. 


4, — Height of signals. 


A question that has not yet been defi- 
nitely settled, is the ruling regarding the 
heights for light signals. In the case of 
semaphore signals in Germany, in the 
same way as in England, considerable 
heights have often been given signals in 
order to-have the sky as the background. 
As, however, the effect of the daylight 
signals is if anything better with a dark 
background than with a light background, 
it was thought at first that signals of no 
great height, that is about 4 m. (13 feet) 
should be installed throughout. The fact 
however was overlooked that there may 
be other reasons for choosing a greater 
height; these are : 


1. Obstructions to the view due to erm- 
bankments, buildings, bridges, etc. 


2. Obstructions to the view due to 


trains on adjacent tracks. 


3. Danger of confusing signals when 
these are in groups and are approached 
from a curve. In such cases it is desi- 
rable to bring the whole group of signals 
into view at the earliest possible moment 
which can frequently only be achieved by 
increasing their height. 


It might be possible to help matters 
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by installing special repeater signals be- 
tween the home and distant signals. Such 
a solution is however undesirable on 
account of increased cost and multipli- 
cation of signals; in specially difficult ca- 


ses it may be unavoidable to employ this ‘ 


method. 


As in the new type of light signals, a 
height of 10 m. (33 feet) up to the upper- 


most light is permissible and in addition 
still greater heights may be introduced 
without harmful effect by placing two 
lanterns close under one another but 
with the centres of the beams suitably 
inclined, there is no obstacle to the adop-. 
tion of considerable signal heights in 
connection with light signals when spe- — 
cial conditions have to be met. 


Fig. 21. — Longitudinal section and back view 
of the new Siemens & Halske daylight signal lamp. 


5. — The question of back lights. 


The lack of a back light has frequently 
been brought forward in print as a de- 
fect in the usual daylight signals as op- 
posed to the ordinary semaphore types. 


The opinion is held in many quarters 
that the back lights are only of impor- 
tance to those of the staff who are more 
or less stationary in the neighbourhood 
of the signal. But on the trial section 
in Silesia it appeared that under certain 
circumstances the back light is a neces- 
sity for the staff who are actually on 
the train. The increase in the lengths 
of goods trains made possible by the in- 
troduction of more powerful locomotives 
could not be followed up in Germany at 


many places by a corresponding increase 
in the length of the loops at passing 
places. On this account it became neces- 
sary when goods trains were held up to 
allow other traffic to pass, to split the 
goods train up and to run a portion of 
the train into a siding. When the goods . 
train is made up again it may sometimes 
happen that the locomotive is a long way 
beyond the starting signal, so that the 
driver has to look back to observe his 
signal. On this account it is necessary 
to instal at the back of the disc of the 
daylight signal a second similar signal 
which: is only lit up when the signal 
proper was at « line clear ». This se- 
condary signal took the form of a oblique 
bar of light showing through clear co- 
lourless glass, 


dispersion. 


a 


6. — Sensitivity to external influences. 


The daylight signals are affected by, 
in the first place, displacement of the 
filament of the lamp away from the 
focal centre and secondly by displace- 
ment of the axis of the cone of light. 
The arrangement which held formerly, 
under which the maintenance staff were 
able to adjust the position of the lamp 
bulb in relation to the lens, was not 
found satisfactory. In the newer types 
of signals the lens with its mounting 
and the lamp with its socket are made 
integral. This arrangement guarantees 
that when the bulb is put in, the filament 
will be situated exactly at the focal point 
without any special adjustment (fig. 21). 


As regards the proper adjustment of 
the cone of light according to the section 
of line, it has not been found possible 
to do without the services of the main- 
tenance staff. The lantern is therefore 
secured to the disc by means of three 
adjusting screws (fig. 24). Changes in 
the cone of light may be produced by 
wind pressure, hence especially with high 
signals a substantial design of the signal 
pole is called for. In addition such 
changes may take place as a result of 
settlement of the permanent way. It is 
therefore necessary carefully to watch 


‘such signals as are situated on newly 


made embankments. 


If it is consideréd that visual obser- 
vation is not sufficiently reliable in such 
cases, if may be considered desirable, in 
order {o make for greater security at 
least at night, to replace the special lens 
lantern by an ordinary electrically light- 
ed signal lamp having the usual wide 
In daylight the failure of 
the daylight signal light is less dangerous 
because the driver is able to see the back 
plate ai a sufficient distance away and 


because if there is no light from it, it 
means that he must stop at the signals. 


7. — Reliability of daylight signals 
as compared with semaphore signals. 


The consideration referred to in the 
last paragraph of the previous section 
leads naturally to the question as to the 
reliability of daylight signals as com- 
pared with that of the semaphore signals. 
Two points of view have to be con- 
sidered : 


4. Reliability against the unintentional 
giving of a line clear signal; 

2. Reliability against the absence of 
the signal or of a part of its aspect. 


As regards point 1, there is no doubt 
that the daylight signals give a greater 
degree of reliability than mechanically 
or poweér-operated semaphore signals. 
These latter may, in spite of all preven- 
tive measures, occasionnally remain 
wedged in the « line clear » position 
owing to formation of ice or to other 
external influences. This cannot happen 
with daylight signals without movable 
spectacles, as installed on the Reichs- 
bahn, as there are no moving outside 
parts and the operation of the signals 
is effected exclusively by switching in 
the signal box. 

As regards the second point (absence 
of the signal, etc.) the semaphore signal 
is almost absolutely reliable in daylight. 
The semaphore signal cannot be made to 
disappear, at the worst it can only be 
removed by using force or ill will. With 
the daylight signal there is the possi- 
bility of the lamp failing; the degree of 
probability of such an occurrence de- 
pends on the current supply and on the 
wiring. As however the back plate of 
the signal still remains as a warning 
when the lamp is extinguished in the 


1018 
XI—176 


daytime the danger due to extinction of 
the light signal during the hours of day- 
light need not be considered of any im- 
portance. 

On the question of reliability of si- 
gnals during the hours of darkness a dis- 
tinction has to be made between sema- 
phore signals lit by paraffin lamps and 
those lit electrically ; as compared with the 
paraffin lamp signal the daylight signals 
are distinetly superior provided the cir- 
euits are suitably arranged. Whereas the 
failure of the paraffin lamp may be un- 
noticed, the daylight signals on the Reichs- 
bahn are provided with pilot lights in 
the signal boxes and by means of these 
the conditon of the signal lamps can be 
observed by the signilman. In addition 
to this, every red !amp on the signal 
back plate is installed in duplicate; only 
one lamp is lighted at a time. -As soon 
as this lamp fails a relay in the signal 
box comes into operation and automa- 
tically switches on the second red lamp 
(see fig. 22). When a green light fails, 
a red light appears at the home signal 
and a dowble yellow light on the distant 
signal. This is done in order that the 
driver shall not have to search for an 
unlighted signal back plate in the dark. 


In the same way very full protection 
is’ provided by means of relays against 
the appearance of incomplete signals. 
Provision is more especially made to 
obviate the danger which unavoidably 
exists in systems where paraffin signal 
lamps are used, such as the case of a 
train being directed on to a branch line 
and the failure of a green light causing 
a « line clear » signal for the through 
track to appear. : 

With electrically illuminated sema- 
phore signals the same protective arran- 


gements are in use in Germany as for 


the daylight signals. There is, however, 


a difference between these two types of 
signal in the event of a failure of cur- 
rent supply of some duration. With the 
electrically lighted semaphore signals the 
service can be quickly reinstated by 
means of emergency paraffin lamps. | 
With the daylight signals, on the other 
hand, it is only possible by means of 
emergency lamps to indicate a permanent 
stop or warning signal because of the 
absence of a movable spectacle. This 
will, however, be of little use for oper- 
ating the traffic, because all trains would 
then come to a stop before all signals 
affected by the failure of current. For 
this reason the requirements as regards 
stand-by sources of current supply are 
much stricter in Germany for the day- 
light signals than with the ordinary elec- 
trically illuminated signals, for which 
latter in general one stand-by source of 
current supply is considered sufficient. 

With an adequate current reserve 
available the daylight signal is much 
more reliable ai night than the sema- 
phore signal with paraffin lamp and is 
equal to the semaphore signal with elec- 
tric lighting. 


8. — Current supply. 


The current supply for the daylight 
signals on the trial sections in Silesia 
is provided in the following manner : 


The overhead line for the operation of 


‘the electric trains,, which carries single- 


phase current of 16-2/3 periods and 
15.000 volts, provides the main source 
of current supply. -Pole transformers 
are used for supplying current to the 
signals. (fig. 23). Four such transfor- 
mers are supplied for each railway sta- 
tion, and these transformers are connect- — 
ed to different, separable, sections of the 
overhead line. Each signal box can 
switch on to each of the four transformers 


um Stellwerke im Stellwerke 
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Fig. 22. — Theoretical wiring diagram of the circuits of a one-arm main signal. 
Bauplanation of German terms: Am Signal = At the signal, — Im Stellwerk = In signal cabin. 
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Fig. 23. — Transformers mounted on poles. 


so that in case of interruptions of the be maintained by switching over to 


‘supply or 
done at particu 


of maintenance work being another pole transformer. 
lar points of the overhead In spite of this fourfold protection the 


fine the signalling current can always current may fail, in case of failure at 


1020 
XI178 


the main generating station or of the 
transmission line between the main 
generating station and the sub-station. 


To meet such cases each railway sta- 
tion has a stand-by connection to the 
local public electric supply network. 
Further, at each railway station and at 
every block post a small petrol driven 
generating set is provided. The impor- 
tance of such stand-by arrangements was 
shown in the Winter of 1928-1929 when 
the transmission line was interrupted by 
snow. While repairs were being effect- 
ed traffic was maintained by steam- 
driven locomotives. The signals were 
lighted by means of the afore-mentioned 
stand-by sources of current supply. 


The pole transformers supply at the 
secondary winding current at 220 volts 
during daylight; at night a suitably re- 
duced voltage is obtained and led to the 
signal by way of the contacters and re- 
lays in the signal boxes. At every signal 
there is installed a so-called « signal 
transformer » which further reduces the 
voltage to 12 volts for the lamps. 


9. — Economy. 


The current consumption of the light 
signals in Silesia amounts to approxi- 
mately 1.7 kw-h. per signal per 24 hours. 
The question of cost of current had 
hitherto hardly been considered, because 
the additional load due to the signals 
which were supplied from the traction 
network was comparatively small. For 
this reason the two methods of economiz- 
ing current adopted by other railways, 
namely, the lighting of the signals by 
an intermittent enrrent and the auto- 
matic closing of the signal circuit by the 
trains, were not adopted. Moreover it 
was feared that such methods would re- 
duee the reliability of the signals as a 


failure of the necessary auxiliary appar- 
atus would tend to make for uncertainty. 

The first cost of the light signals in 
Silesia was comparatively high, due in 
the first instance to the fact that this 
Was a first installation for which designs © 
and patterns were not available. This 
trial installation does not therefore serve 
as a criterion for the probable cost of 
similar installations which may be made 
at a later date. Similarly no definite 
data are available as regards cost of 
maintenance; if ean however be seen that 
these will be less than with the sema- 
phore signals. 


10. — Trial section for comparison. 


Mention was made at the beginning of 
this chapter of a further trial section on 
the line from Berlin to Lichterfelde, 
where on account of the shorter braking 
distances of the trains the requirements 
of the luminous daylight signals were 
less stringent. On this section the old 
type of daylight signals with stepped 
lenses were found to be fully satisfactory, 
so that it was not n later on to 
replace them by the hemispherical lenses. 


B. — Daylight signals on the Berlin 
Metropolitan Railway (overhead lines). 


The change over to electrical operation 
of the Berlin Metropolitan Railway /over- 
head lines), which took place in 1927 
and 1928. gave the opportunity for a 
third installation on a larger scale of 
daylight signals. Although here too the 
braking distances were short (about 
150 metres — 492 feet), the conditions 
on account of the curves were almost 
more unfavourable than on the tria! see- 
tion in Silesia. 
hemispherical lenses shown in figure 49 


-were adopted right from the start on the 


Berlin Metropolitan. The result was 


For this reason the : 
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excellent. The lateral distribution was 
entirely adequate at all points. The day- 
light signals of the Metropolitan have 
been in operation since June 1928 and 
have given complete satisfaction. 


The superiority of the daylight signals 
over the former semaphore signals is 
particularly noticeable on this line, be- 
cause at many points where the line 
passes through blocks of houses the hack- 
ground is very unfavourable for sema- 
phore signals. 


The aspects shown on the Berlin Me- 
tropolitan differ from the usual practice 
of the Reichsbahn inasmuch as for the 
first time signals having three aspects 
or indications in the American style have 
been adopted. The arrangement of si- 
gnals on the Metropolitan is indicated in 
the following schedule : 


el | Meaning for the driver 


| Green + green. 


Line clear. Line clear may be 
expected at the following 
signal. 


Green + yellow. 


i 


Line clear. Be prepared to 
find net signal at stop. 


Stop. Then proceed cautious- 
ly to enter the next block 
seclion without awaiting 
s ecial instructions. 


Yellow-+-yellow. 


Stop. Do not proceed without 
special instructions from 
i= the station. fe | 


The employment of two different 
forms of « Stop » indications was neces- 
sitated by the introduction, at the same 
time, of the automatic block system. 


The indications of the double light 


signals are grouped according to, the fol- 
lowing easily understood rules : 


Reading from left to right, the first 
light indicates the condition of the ‘first 
section following the signal, the second 
light refers to the probable condition of 
the section next to the former. Green 
indicates « Section clear », yellow means 
« section occupied ». 


This type of signal, giving three indi- 
cations, enables rapid and safe operation 
of trains, as generally speaking they give 
the staff on the train an indication of the 
condition of two block sections ahead. 
The initial outlay and maintenance costs 
of the signalling installation on the Me 
tropolitan Railway are dealt with in 
Chapter III wherein automatic © block 
signalling is considered. 


C. — Extension of the application of 
daylight signals. 


The favourable results obtained with 
daylight signals on the three above-men- 
tioned lines have brought up the ques- 
tion of a further extension of this system 
to steam operated lines. Among the ad- 
vantages already mentioned the two fol- 


_ lowing are considered the most important: 


1. The fact that daylight signals are 
not affected by the type of background; 


2. The high efficiency of these signals 
during the twilight periods, an efficiency 
which cannot be attained by the ordinary 
semaphore signals. 


However desirable under these cireum- 
stances, a more general introduction of 
the daylight signals would appear, it must 
be remembered that the replacement of 
existing types of signals by the new sys- 
tem will in many places meet with dif- 
ficulties in providing suitable supplies 
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of main-and stand-by current. The use 
of primary batteries would not be consi- 
dered in view of the attitude which it 
has been decided to adopt in regard to 
certain current. saving devices (intermit- 
tent supply and automatic switching in 
of the supply by the train). 

In the first instance it is intended, in 
addition to further installations on elec- 
trically operated lines, to provide this 
type of signalling on a four-track section 
now being built for express traffic in 
the Ruhr district, where:suitable supplies 
of current are available and where the 
existing signals will in any event have 
to be changed. In addition individual 
(home) semaphore signals will be replac- 
ed by daylight signals in places where 
visibility conditions are particularly un- 
favourable; in such cases the correspond- 
ing distant signal will likewise be con- 
verted in order to prepare the driver for 
the appearance of a different type of 
signal. 


CHAPTER TIT. 


Automatic block system. 


A. — The installation on the Berlin 
Metropolitan Railway. 


The automatic block system is in use 
on two electrically-operated lines of the 
Reichsbahn; these are the Berlin-Lich- 
terfelde and the Berlin Metropolitan lines 
mentioned in the preceding chapter of 
this paper. The installation on the Ber- 
lin Metropolitan is the more modern and 
the more extensive of the two. The length 
of this line is 112 km. (7 miles), the 
number of automatically operated signals 
112, and there are therefore ten signals 
per km. (16 per mile). 


1. — Reasons for the introduction of 
the new system. 


The reason for the introduction of 
automatic block signalling, which was 
carried out concurrently with the elec- 
trification of the City Railway, was the 
desire to increase the traffic density up 
to a train interval of 1 1/2 minutes. Un- 
der such dense traffic conditions it was 
necessary to cut out every avoidable 
source of delay, hence above all things to 
reduce the time required to operate the 
signals and block system. 


2. — General technical details of 
the arrangement. 


The signals employed were the daylight 
signals with double lights, already des- 
cribed above (fig. 24). 


Fig. 24. — Automatic block signal 
on the Berlin Metropolitan Railway. 


The basic principle of the automatic 
block system on the Berlin Metropolitan — 
is the same as in most similar installa- 
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Stromkreis 


a, im unbesetzten Gleisabschnitt 1 


Anker'® Blockschatter 


Transformator 
zogen | || t 


—> Fabhrtrichtung 


JsolierstoB ae JsolierstoB 
by im besetzten Gleisabschnitt 

Anker\® Bockschalter Transformator J 

fallen | 


<= 


| Fahrtrichtung 


== 


Zugachse 
Fig. 25. — Track circuit. 


Raplanation of German terms: Anker abgefallen = Armature released. — Anker angezogen = Armature 
attracted. — Block schalter = Block relay. — 2) Im unbesetzten Gleisabschnitt = a) In unoccupied track 
section. — b) Im besetzten Gleisabschnitt = 6) In occupied track section. — Isolierstoss = Insulated 
joint. — Stromkreis = Circuit. — Zugachse = Train axle. 


DrossetstoB JsolierstoB —_Triebstrome Zugachsen 


Se NaEY, ‘ Block - 
/Blockschalter 7 Aschalter 2 

Abhangigkeitsleitung Block- 
Hilfswicklung leitungen 

4 Ki 
wv ntakt 
Batterie pies eee 
Blocktransformator 


Blockspeiseleitung 


Fig. 26. — Wiring diagram of two signals. 


Euptanation of German terms : Abhingigkeitsleitung = Proving circuit wire. — Batterie = Battery. — Block 
leitungen = Block wire. — Blocksignal = Block signal. — Blockschalter = Block relay. — Blockspeise- 


leitung = Block feeder. — Blocktransformator = Block transformer. — Drosselstoss = Reactance joint. — 
Fabrt = Line clear. — — Gleiswicklung = Track winding. — Hilfswicklung = Auxiliary winding. — 
Kontakt offen = Contact open. — Kontakt geschlossen = Contact closed. — Triebstré6me = Traction 
currents. — Zugachsen = Train axles. 


tions in other countries. A block relay track circuit which extends the whole 
operates the signal; this relay is ener- length of the block section. As soon as 
gized by alternating current through the the train enters the section the track cir- 
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cuit is short cireuited; the relay is de-ener- 
gized and thus causes the signal to take 
up the danger position (see fig. 25). This 
well-known arrangement was supplement- 
ed by a special safety device, which 
checks the operation of the stop signal 
in the rear of the train which it is de- 
signed to protect. For this purpose a 
proving circuit is provided on a separate 
line. The phases of this circuit are out 
of step with respect to the track current. 
The relay is worked as a 2-phase relay 
and designed so that the armature can 
only be attracted when both phases of 
the current are available, whereas a sin- 
gle phase suffices to hold it in position. 
The first phase is supplied by the track 
circuit current, the second from the pier 
ving circuit (fig. 26). 


A block signal can therefore only be 
moved out of the stop position to line 
clear, if: 


1. The track circuit is not short cir- 
cuited by a train and 


2. The following signal is in the stop 
position. 


If the signal in question takes up the 
line clear position under these circum- 
stances the conditions remain unaltered, 
even if the following signal moves to 
line clear and thus opens the proving 
circuit. 

The method of protection described 
above is considered to be a very impor- 
tant feature of automatic signalling and 
an indispensable condition for the intro- 
duction of the latter, for the most per- 
fectly designed relay may fail once in 
a while, and in that event the proving 
circuit warns the train. 

As a protection against the overrunning 
‘of stop signals automatic train stops are 
provided on the Metropolitan at the place 
where the signals are erected; these train 


‘stops operate the air brake on the train 


when the corresponding signal is at stop. 
A detailed description of this apparatus 
is not_within the scope of the points 
under discussion. The application of the 
automatic train stop requires to be men- 
tioned here because it affects the arran- 
gement of the signalling installation. In 
order to prevent a train, in consequence 


tsolierstoss 


| = Cileisabschnitt 
G1 uA 


i Sirechenabschnil = 


Schutzstrecke 
Fig. 27. — Protection section (overlap). 


Explanation of German terms: Streckenabschnitt = 
Section of line. — Gleisabschnitt = Section of track. 
— Schutzstrecke = Overlap. 


of inattention on the part of the driver, 
passing a stop signal at full speed and 
colliding with the train in front, a length 
of section behind the signal equal to the 
braking distance of the train must be 
kept clear when a train is approaching. 
For this purpose the well-known method 
of overlap is resorted to, staggering the 
insulating rail sections with respect to 
the block sections which are limited by 
the signals (fig. 27). At all signals with 
the exception of the starting signals at 
stations, the length of overlap is equal 
to the distance required to stop the train 
when running at the maximum, speed 
of 50 km. (34 miles) per hour. In con- 
nection with the introduction of the auto- 
matic block system on the Metropolitan 
Railway, permission had to be given for 
trains to pass signals standing at danger 
in unoccupied sections without special 
permission from the signalling staff. 
When this happened the automatic train 
stop mentioned above had to be put out 
of action by means of a special device 
on the train, but this was only possible 
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alier the train had been brought to a 
stand-still and neccessitated a stop lasting 
a few seconds. A longer wait is not im- 
posed on the Metropolitan Railway, con- 
trary to the practice on other lines, the 
object being to obstruct as little as pos- 
sible the continuous flow of traffic; in 
order however to prevent accidents the 
orders are that the next two block sec- 
tions shall be passed through at a speed 
not exceeding 15 km. (9.3 miles) per 
hour. Under these circumstances the 
following state of affairs might arise and 


7 


might lead to a misunderstanding on the 
part of the train staff : 

Should a train come to rest in the 
overlap behind signals S, (fig. 27) as 
can easily occur owing to the closing up 
of the trains due to hold-ups, then the 
signal behind that train remains at line 
clear. The signal in the rear S, is at 
stop. If now a second train, after ren- 
dering the train stop inoperative, should 
move into the block section S, to S,, the 
driver will find the next signal in front 
of him at line clear. This might mislead 


= ———_— 


Vv 
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pee re : 


Fig. 28. — Subdivision of the insulated track sections. 


him and allow him to proceed at full 
speed again. 

For this reason the following supple- 
mentary arrangement was afterwards in- 
troduced (fig. 28) : 


The insulated rail sections are sub- 
divided by means of a treadle rail con- 
tact situated opposite the signals; they 
are thus divided into a block section a 
commencing at the signal, which is iden- 
tical‘ with the overlap, and a clearing 
section b. As soon as the first axle of 
- a train enters the block section a, the 
signal S, moves into the stop position. 
When the last axle of the train arrives 
at the clearing section b, the block signal 
S, in the rear moves to line clear. 


%.— Division of the line in block sections. 


The division of the line in block sec- 
tions was in the first instance determin- 
ed by the requirement, that under or- 


dinary conditions of running, a train as 
soon as it approaches a. signal, should 
have at least two unoccupied sections in 
front if it. If this were not the case the 
train would be warned by the green-yel- 
low signal indication given by the next 
signal (see Chapter II-B), and would 
have to reduce speed. Such reductions 
in speed should however not take place 
under ordinary running conditions. Mo- 
reover, the regular appearance of warn- 
ing signals would weaken their effect 
on the drivers or might become entirely 
neglected. From this consideration the 
following rule has been laid down : 


For the correct running sequence of two 
trains the minimum interval between the 
head of the second train and the head of 
the first train shall be as follows (see 
fig. 29) : 

4. A short sighting distance of at least 
20 m. (66 feet) between the second train 
and the main signal (this distance to - 
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be increased if the block section is less 
than the braking distance) ; 

2. Two block sections; 

3. The braking distance; 

4. The length of the train. 

This interval Z made up as above may 
at the most have a length which can be 
covered in 90 seconds (the scheduled 
smallest time interval between trains). 


Zweiter Zug —~ NF} aT | |frsterZug 


| | Jey 
| 

| Sremsweg | 

canoe ra —| 

| Bia 29. Ermittelung der Lange der Blockabschritte 


Fig. 29. — Determination of the length 
of the block sections. 


Hxplanation of German terms: Bremsweg = Braking 
distance. — Erster Zug = First train. — Zweiter 
Zug = Second train. 


This rule results in very short block 
sections in front of the stations because 
the platform stops (up to 30 seconds), 
together with the time lost in braking 
and starting are all included in the time 
allowed for covering the section Z and 
these time losses can only be compensat- 
ed by shortening the block sections. 
Accordingly, in front of most of the sta- 
tions on the Metropolitan Railway there 
are two short block sections each having 
a length of 90 metres (295 feet). The 
home signal which protects the station 
itself is placed right up against the end 
of the platform. As is well known, with 
such an arrangement of signals with 
short block sections in the rear of the 
station it is possible for the second train 
to be moving up close to the station while 
the first train is moving out of it. 


4. — Supply of current. 


For the automatic block system work- 
ing and for lighting the signals the cur- 
rent in the case of the Berlin Metro- 
' politan Railway is obtained from the 


same source as the traction current. 
Whereas however the current for oper- 
ating the trains is continuous, the supply 
for the block sections and signals is 
transformed to alternating current at 
50 periods. 


5. — Economic results. 

The installation of signals deseribed 
above has worked satisfactorily through- 
out since it was placed into service on 
the 1 June 1928. Wrong signal indi- 
cations have not appeared and interrup- 
tions were rare. The economic results 
are particularly notable. The initial cost, 
excluding the automatic train stops. but 
including the daylight signals, the signal 
gantries and the arrangements for sup- 
plying current amounted for 142 signals 
to 2000000 Rm. The annual saving in 
personnel on the signalling staff amounts 
to 120000 Rm., that is about 6 % of 
the total cost. No increase of the main- 
tenance staff was called for. 

If automatic signalling had not been 
introduced, new eleciric lock and block 
arrangements would have been necessary 
in consequence of the increased density 
of traffic and the total cost would have 
been the same as above. But the staff 
both for operating and maintaining the 
system would have had to be increased 
in accordance with the increase in the 
number of blocks. We therefore have 
set an increase in the operating cost with 
non-automatic block working against a 
saving in working costs with the auto- 
matic system. 


B. — Prospects for the further applica- 
tion of the automatic block system in 
Germany. 


With the Metropolitan Railway we are 
dealing with electrical train operation for 
a special purpose and at comparatively 
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low speed. On the standard steam oper- 
ated high speed lines the conditions on 
the Reichsbahn are much less favour- 
able to the introduction of automatic 
block signals than was the case under 
the special circumstances of the Metro- 
politan Railway. A large percentage of 
steam lines of the Reichsbahn are laid 
on steel sleepers, and steel sleepers are 
still, in the present state of our technical 
development in this direction, an obstacle 
to the application of rail-borne currents 
and hence to the introduction of auto- 
matic block signalling on the usual sys- 
tem. 


It is true that in Germany the prin- 
ciples of using only timber sleepers on 
important express lines has been adopt- 
ed. Thus the most serious obstacle to 
the use of automatic signals is removed, 
but there is still a further difficulty. 


As is well known, with the automatic 
block system, the driver has to be allow- 
ed to pass a stop signal without having 
obtained special permission from a si- 
gnalling station; the staff on the train 
is, as a rule, ignorant of the condition 
of the section ahead of the signals, when 
this necessity arises. It is therefore ne- 
cessary for them to proceed with the 
greatest caution. Observation of the sec- 
tions, especially on curves, is rendered 
extremely difficult owing to the size of 
the boiler on the modern locomotive. In 
addition operation of the trains would be 
delayed owing to the necessity of pro- 
ceeding with caution. 


With the goods train there is the addi- 
tional consideration that even at low 
speeds the distance required to bring the 
train to a stop is relatively long. It would 
appear that on standard steam operated 
lines it would be necessary to specify that 
every second block post be manned so that, 
when signal failures take place, the trains 


follow one another at the distances be- 
tween two guarded block stations worked 
by telegraph signalling, in which case 
the driver would not have to run in such 
a way as to be able to stop within range of 
vision. The economic value of automatic 
signalling would be considerably restrict- 
ed under these conditions. Nevertheless 
in suitable cases the interpolation of 


Fig. 30. — Tail light detector. 


automatic block signals between ordinary 
manual block posts will be kept in view 
for the future. 

An ingenious invention by Hampke in 
Altona is worth mentioning in this con- 
nection. The object of the invention is 
to make automatic signalling possible 
even with steel sleepers by adopting the 
so-called « point » or intermittent sys- 
tem. The question which has hitherto 
been unsolved in connection with the in- 
termittent system, that is with an arran- 
gement of automatic signals without the 
use of rail cireuits was, as is well known, 
the question how to indicate automatic- 
ally, whether a train with all its axles 
(complete) has passed out of the block 


‘section, and how it would be possible 
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te arrange matters so that the section is 
not cleared if, owing to failure of the 
couplings, a portion of the train still 
remains in the section. Hampke’s in- 
vention has solved this problem by an 
arrangement which makes it possible to 
observe the passage of the tail end of 
the train past a fixed point. The in- 
ventor calls it « the tail light detector » 
(fig. 30). This apparatus contains a 
lamp bulb which throws an intense con- 
centrated ray of light on to the train, 
and a selenium cell which forms part of 
the circuit of a line relay. 


A special mirror is fitted to the red 
tail light of the train, which mirror is 
similar to the one used by the inventor 
Baseler with his well-known optical si- 
gnalling apparatus. As soon as the end 
of the train passes the selenium cell de- 
tector, the mirror directs the ray of light 
back into the selenium cell and renders 
it conducting, so that the circuit through 
the relay is closed. An essential point in 
Hampke’s idea consists in the arrange- 
ment that the lamp bulb is only switched 
in at the approach of the train and, after 
the train has passed, it is automatically 
switched out again. This enables one to 
make use of a primary battery to supply 
current for the lamp. If the arrange- 
ment of switching on the light at the 
approach of a train should fail no dan- 
ger would arise, but an interruption in 
the traffic would take place. An instal- 
lation of the invention under ordinary 
working conditions has been in operation 
for some time on the suburban line 
Blankenese-Wedel near Hamburg and has 
given good service. 


CHAPTER IY. 


Conclusions. 


Looked at from the point of view of 
German experiences the conclusions ar- 
rived at by the Congress of 1925 would 
have to be extended somewhat as fol- 
lows : 


1. At points where there is no junc- 
tion, two signal indications at home and 
distant signals suffice; where there are 
junctions on high speed sections at least 
three indications for each signal are 
desirable. If, however, a further signal 
follows at a short distance from the home 
signal, it is desirable in addition to in- 
dicate the position of such following 
signal and this can be done by adding 
a special distant signal applying to it. 

2. In addition to the semaphore type 
the dise type of signal comes into con- 
sideration for distant signals placed at a 
low level. 


3. Where confusion between yellow 
and red is to be apprehended, it is re- 
commended to use two yellow lights. 

4. Daylight signals have the advantage 
over semaphore signals that visibility is 
unaffected by poor background or in 
twilight; they require good lateral dis- 
persion on curves anda specially reliable 
supply of current. 

5. The application of automatic block 
signalling is so far limited to lines laid 
on wooden sleepers: The automatic sys- 
tem is particularly suitable for such lines 
where no danger is to be apprehended 
from passing the stop signal without spe- 
cial permission from a signal cabin. 
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INTRODUCTION. 


The part allotted to the reporter con- 
sists in drawing up a complete reply to 
Question IV in accordance with the de- 
tailed questionnaire which was sent to 
the administrations mentioned below, 
and in giving a summary of each of the 
replies that he has received. 

As will be seen from the list of the 
administrations, the total length of rail- 
ways which they control is 84773 kilo- 
metres (52676 miles). 

Replies to the questionnaire have only 
been received from the railway adminis- 
trations shown separately, which own 
or operate a total of 60973 km. (37 887 
miles) of lines, forming 72 % of the total 
length of all the lines within the pur- 
view of the questionnaire. 

It is unfortunate that it is impossible 
to compile the reply to the question in the 
way it should be done, that is to say on 
the basis of the replies from the whole 
of the administrations consulted. Still, 
the replies received contain sufficient 


information to enable an opinion to be 
formed and a complete reply to be given 
to question IV: 

In view of the matter and the form of 
the replies furnished for each of the 
questions asked, and particularly for 
those questions which have been divided 
into several parts, it has been considered 
necessary in drawing up the report, for 
the sake of greater clearness and to avoid 
prolixity, to depart from the exact order 
of the questions and of each of the parts 
of the sub-divided questions. 


LIST OF QUESTIONS. 
FIRST PART. 


Recent improvements in permanent 
way tools. 


Question I. —- Have you introduced or 
improved in recent years mechanical ap- 
pliances for permanent way maintenance, 
and if so, how long have you adopted 
them? 


7 ————————————— ee CC ee 


(4) Translated from the Frenc’. 
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Do you employ mechanical appliances 
for the following operations : 


a) Bottoming of the bed on which 
the track is to be; 

b) Loading, transporting and unload- 
ing ballast; 

c) Loading and unloading rails and 
sleepers; 

d) Laying and packing the.ballast; 

e) Unloading and laying completely 
assembied lengths of track; 

f) Transport of materials along the 
track; 

g) Drilling and adzing sleepers; 

h) Putting sleepers into position; 


-i) Laying rails; 

j) Fixing coach screws, chairs or sole- 
plates on to the sleepers; 

k) Tightening the bolts at the joints 
or other portions of the track; 

1) Shaping the ballast; 

m) Straightening, levelling and pack- 
ing the track; 

n) Weeding and cleaning the ballast, 
either over its entire width or merely 
outside the sleepers; 

0) Straightening, cutting and drilling 
rails; 

p) Do you employ special vehicles for 
transporting materials? 

q) For any other purpose? 


List of the Administrations to which the detailed questionnaire 
relating to Question IV was sent. 


Country. Name of the Administration. 


Bulgaria . . . | State Railways . 


Denmark . . . | State Railways . 
Aalborg Private iaeay’ 
East Seeland Railway 
South Fionian Railway . 
Lolland-Falster Railway . 


Egypt . . . .]| State Railways . 
Finland . . State Railways . 
Greece. . . . | State Railways . 


North-East of Greece Ralwags : 
Pirea-Athens-Peloponnesus Railways 
Thessalian Railways 


Luxemburg . Guillaume-Luxemburg Railways . 
Prince Henry Railways and Mines . 

Norway . . State Railways . 

Poland. . State Railways . 


Rumania . State Railways . 


Reply. 


metres. Not 
received. 


2285 | 4420 
2517 | 41564 
259 164 4 
47 29 4 
246 134 4 
104 65 4 
3305 | 2054 
4815 | 2992 
1320.,J 820 4 
74 47 
750 466 1 
233 445 { 
207 129 
250 155 
3467 | 2454 
{7241 | 10743 4 
11616 | 7248 


Received. 
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employed, please give a description of 
the appliances in use, explained by draw- 
ings, sketches or photographs and all de- 
tails which you consider necessary to 
understand them perfectly. 


Question 3. — Please give the cost of 


pliances, and the working expenses. 


Question 4. — What saving results 
from the use of these appliances, taking 
into account wages, auxiliary appliances, 
grease, lubricants, interest and amorti- 
zation of the cost of the appliances, etc.? 


; Reply. 
Country. Name of the Administration. ae Miles. 
ountry: e e inistra 
metres, Not 
: Received. 
received, 
|| Yugoslavia State Railways . 9024 | 5607 4 
|| Sweden State Railways . 6461 | 4014 4 
| Bergslagen Railway : 552 343 4 
Blekinge-Kustbanor Railway 203 126 4 
Gefle-Dala Railway 293 182 
Goteborg-Boras Railway 261 162 aan 4 
Halmstad-Nissj6 Railway . : 4441 255 4 
| Helsingborg-Hessleholm Railway . 122 16 4 
; Kalmar-Nya Railway . F 495 424 4 
| Karlstad-Munkfors, etc., Raeay: ATA 106 4 
Nassj6-Oskarshamn Railway 148 92 4 
Nora-Bergslagen Railway 173 108 oc 4 
Nora-Oestergétland Railway : 134 83 4 
Norsholm-Westerwik-Hultsfred Railway ; 245 452 4 
Ostra-Skines Railway 206 128 4 
Oxelésund-Flen-Vastmanland Haikway.% 300 186 4 
Stockholm-Roslag Railway . 238 148 1 
Stockholm-Vesteras-Bergslagen iehiway os 479 298 1 
Uddevalla-Venersborg-Herrljunga Railway . . 92 57 1 
Vastergétland-Géteborg Railway . : 380- 236 1 
|| Switzerland . Federal Railways 2 942 4 828 4 
Bernese Alps Railways . ee 253 157 ate 4 
Birsig’ Town Railway. 4 «© .)- - + = +. 17 10.6 4 
Rhetian Railway be enet alten ian tees tis Coa 276 173 oe 4 
Viége to Zermatt Railway. . -...-: - 35 Palen 41 
Yverdon to Sainte-Croix Railway ... . . 25 15.5 1 
Lausanne to Ouchy Railway ...... .- 2 12 4 
Czechoslovakia . |] State Railways . {2 429 7 123 ih 4 
Total . 84 713 | 52 676 23 800 60 973 
(14 789)| (37 887) 
Question 2. — If such appliances are purchasing and installing the said ap- 
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How many men are required to work 
the appliances? 


Question 5. — Please give the mini- 
mum length of track, at and above which 
the use of mechanical appliances would 
be profitable or economical.. 


Question 6. — If the saving is slight, 
what other advantages have led to the 
introduction of the appliances, for exam- 
ple, a comparison of the time required 
to carry out operations by one or the 
other method under average or normal 
conditions. 


Question 7. —If such appliances are 
used on the track what is the source of 
power? ; 

Can it be utilised while the track under 
treatment is in service? 

Is it portable without obstructing 
tracks in service? 

Over what range may the appliances be 
used without moving the source of power? 


The mechanisation of work on the per- 
manent way has been introduced on some 
railways permanently for certain opera- 
tions; other railways are as yet in the 
trial stage of mechanical appliances, so 
that manual labour predominates. 

In this connection, an important part 
is played in the first place by the extent 
of the railway system of each of the 
administrations because, among other 
things, upon this extent mainly depends 
the point of knowing whether mechanical 
work is more rational than manual la- 
bour. 

If we review the different operations 
to be considered according to the question 
set, it is necessary to mention in the first 
place the use of mechanical appliances 
in the transporting and unloading bal- 
last by means of special wagons for the 


transport of ballast. These wagons are 
in use on the Danish State Railways, the 
Finnish State Railways and the Swiss Fe- 
deral Railways. From the description 
and the photographs forwarded by the 
Administration of the Swiss Federal Rail- 
ways, the ballast wagons are so contrived 
that the ballast may be unloaded uninter- 
ruptedly while the ballast wagon or the 
entire ballast train is on the move, and 
that this unloading may be adjusted ac- 
cording to requirements, which constitu- 
tes one of the greatest advantages of this 
wagon as compared with wagons that only 
enable the ballast to be unloaded when the 
ballast train is at a standstill (see figs. 4 
and 2). 

The Swiss Federal Railways estimate 
that it costs 9 200 Swiss franes to convert 
an ordinary ballast wagon into a self- 
discharging ballast wagon. One man is 
sufficient to look after a wagon of this 
kind. 

A more extensive mechanisation may 
be observed when the packing or tamp- 
ing of the sleepers comes to be considered. 

The Danish State Railways, the Finnish 
State Railways, the Norwegian State Rail- 
ways. the Swiss Federal Railways and 
the Czechoslovakian State Railways em- 
ploy compressed-air tampers of the Ger- 
man and American tvpes. 

The Swiss Federal Railways give the 
results of tests carried out with tampers 
of a German type. 

The tampers tested, of known type, 
comprise a petrol engine mechanical unit, 
a pipe line and tamping hammers. The 
mechanical part is situated to one side 
of the track so that it is not necessary to 
remove it when a train passes. 

The Czechoslovakian State Railways 
have tried on their lines a tamper of - 
American pattern, at the same time as 
drilling and assembling the sleepers by 
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machine. The mechanical appliance con- 
sists of a portable compressor, flexible 
piping leading the compressed air to the 


tamping hammers and also to the drills 
and the appliances for fixing the coach 
screws, driving home the rail spikes, etc. 


1st test. 2nd test. 
_————— || 
Line Wyrengen-Burgdorf. Burgdorf-Zollikofen. 
Period worked . th From 12th 


to 1st August, 1926. 


4 double tampers. 


From 5 
to 22nd July, 1926. 
Number of tampers . 2 double tampers. 


Duration of work . 


ee 15 1/4 days. 15 days. 
Number of men attending to the "12 15.3 
tampers. 
Number of days of work ~~... 183 250 


Petrol consumed . 733 1. (161 Br. gallons), 1170 1. (257 Br. gallons). 


Oil consumed. . : 
Length of track tamped . 


Cost of labour, material and depre- 
ciation; one tamper costs 4750 
Swiss francs and lasts 4 years at 


39.5 1. (8.6 Br. gallons) 
1640 m. (1793 yards). 


2.45 Swiss fr. per metre 
(2.15 fr. per yard) of 
track. 


43.5 1. (9.5 Br. gallons). 


2412 m. (2638 yards). 


2.11 Swiss fr. per metré 
(1.93 fr. per yard) of 
track. 


the rate of 250 working days per 
annum. 


The results of tests as regards both the 
tamping of sleepers and the drilling of 
sleepers, fixing the coach screws, and 
driving home the rail spikes were very 
satisfactory, not only from the point of 
view of the speed and quality of the 
work, but also with respect to the ex- 
penses involved, if these are compared 
with manual labour, It should be men- 
tioned in particular that the mechanical 
packing of sleepers is much more symme- 
trical and rational than packing by hand, 
because less ballast is crushed, the slee- 
pers are not damaged by blows’ from 
picks, which frequently takes place in 
packing by manual labour. It is likewise 
very-easy to pack sleepers at switches and 
crossings, that is to say, at those points 
which are inaccessible to the pick during 
manual work. The saving effected, as 
compared with manual labour, varies 


I 


between 20 and 50%, including the de- 
preciation of the mechanical appliances. 

Mechanical appliances for adzing and 
particularly for drilling sleepers are very 
commonly used. Appliances of the most 
widely varying types are employed, from 
simple drills to machines which are lo- 
cated in the creosoting sheds. 

One type of appliance for adzing and 
drilling sleepers used by the Egyptian 
State Railways is shown in figure 3. 

This appliance notches and drills 
2000 sleepers daily; it costs £41200; it 
costs 2 gold-centimes to notch and drill 
one sleeper. 

The Norwegian State Railways use elec- 
trically driven drilling machines for slee- 
pers. The Czechoslovakian State Rail- 
ways have introduced an American sys- 
tem of compressed air drills. 
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The appliances for drilling the sleepers 
are for the most part associated with 
appliances for tightening the coach 
screws and the rail spikes, as in the Ame- 
rican type of appliance just mentioned 
and used on the Czechoslovakian State 
Railways. Elsewhere, hand appliances 
are employed for tightening the coach 
serews as well as for fixing the bolts. In 
addition, mention’ ‘should be made of 
special mechanical appliances for shap- 
ing the ballastbed, cleaning and weeding 
the ballast, appliances employed by the 
Swedish, Danish, Finnish and Swiss rail- 
ways. » 

The mechanical appliances of the Swe- 
dish Railways, shown in figures 4 and 5, 
are mounted on a flat wagon, hauled by 
a locomotive; three or four men are re- 
quired to attend to this appliance, which 
~ cleans the ballast on either side of the 
track, weeds and at the same time shapes 
_ the bed of ballast. When working, the 
appliance moves at the rate of 5 km. 

(3.1 miles) per hour. By means of this 
appliance, 30 km. (48.6 miles) of single 
track line may be treated daily. 

* Taking into account the price of this 
appliance, say 12 000 Swedish crowns, 
the cost of cleaning a kilometre of track, 
weeding and shaping the hed of ballast is 
6 to 8 Swedish crowns (9.6 to 12.9 Swe- 
dish crown per mile). 

The mechanical appliance employed 
on the Swiss Federal Railways is a track- 
weeding machine of the « Scheuchzer » 
type shown in figure 6. 

The appliance, integral with the loco- 
motive which propels it and provides it 
with the steam required for working it, 
is mounted on a two-axled wagon frame 
covered by a roof. It consists of a steam 
eylinder supplied with steam from the 
locomotive and driving the four essential 


contrivances below, under the supervision 
and control of four-men and a foreman : 


4. A series of three vertical knives (one 
between the rails and the-other- two out- 
side them), which being*driven in be- 
tween the sleepers, pull up the grass be- 
tween them as the train advances.at an 
average speed of 5 to 6 km. (31 to 34 7 
miles) per hour. These knives are driven” 


automatically;, for this purpose, a hard" 


steel roller mounted on a lever makes a 
furrow 30 em. (1 foot) from the rail. In 
rising on or falling from the sleepers, 
it actuates a rod controlling the steam 
distribution slide valve, thus causing the 
knives to rise or fall, according as to 
whether they are opposite a sleeper or 
between two of them. All the driver has 
to do is to regulate the depth of penetra- 
tion, and-stép the-knives in the raised 
position as soon as.an-obstacle appears : 
level crossing, wall, bridge, water pipes, 
etc. 

9 A second mechanism operates one 
or two ploughs with adjustable plough 
shares, according as the track is double 
or single, which weed the ballast at the 
side of the track. They are lifted or 
lowered by means of compressed air 
under the control of a second driver. 
The forward motion itself of the vehicle 
causes them to plough up the sides, pull 
up the weeds by the roots and afterwards 
smooth over the loosened ballast. 

3. A third mechanism, in the form of 
a horizontal knife, replaces the second 
plough on double track lines. Raised or 
lowered by compressed air, controlled by 
the third driver and pushed as the vehicle 
advances, it ploughs the ballast between 
the tracks and pulls up the weeds there. 

4, Finally, steel revolving rakes, with 
flexible teeth and rail brushes, placed 
behind the wagon, level up the ballast 
and rake together the weeds in an effec- 
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tive manner. The weeds are brought to 
the surface, cut up and freed from the 
earth attached to their roots, which al- 
most inevitably results in their destruc- 
tion. 

The weeding train is completed by a 
service coach, including two sleeping 
places, a kitchen and a small dining com- 
partment. Such equipment is indispen- 
sable for the men owing to the irregu- 
larity of the trips, which affects the meal 
times and owing to the difficulty of se- 
curing accomodation in many localities 
where the machine has to pass the night. 

This mechanical appliance is the pro- 
perty of the Scheuchzer Company which 
works with this appliance by contract on 
the lines of the Swiss Federal Railways 
and of other railway companies. 

According to information provided by 
the Swiss Federal Railways, the cost of 
weeding with the Scheuchzer machine is 
100 to 150 Swiss francs per kilometre 
(160 to 240 Swiss fr. per mile), while 
weeding by hand would cost 200 to 350 
Swiss francs (320 to 560 Swiss francs 
per mile). 

According to the communication of 
the Federal Railways, the cheapest way 
of cleaning the track is the chemical 
method, which costs only 70 to 100 Swiss 
franes per kilometre (112 to 160 Swiss 
franes per mile) ; it should be remarked, 
- however, that no mention is made of che- 
mical cleaning. 

For transporting rails, sleepers and 
small material on the line, use is made to 
some extent of material trains and also 
to some extent of small motor vehicles. 


The Czechoslovakian State Railways 
have been using, since 1922, the motor 
trolleys shown in figures 7 and 8. These 
trolleys are provided with a 14-H. P. 
petrol engine, air or water cooled. The 
engine is located below the trolley, which 
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Fig. 6. — Mechanical weeder and carriage containing mess room. 
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is provided with a platform for the ma- 
terial. When rails have to be trans- 
ported, the motor trolley is coupled to an 
ordinary trolley. 

The tare of the trolley is 1200 kgr. 
(2 640 Ib.). 

Its loading area is 2.5 m? (2.99 sq. 
yards). 

The trolley hauls 15 000 kgr. (33 000 Ib.) 
(with the trailer trolley). 

Maximum speed : 35 km. (21.7 miles) 
per hour. 

Apart from the large mechanical ap- 
pliances for the work of permanent way 
maintenance, the railway administrations 
enumerated in the present report make 
use of current types of appliances such 
as, for example : : 


Rail saws; 

Special spanners for tightening screws; 
Rail levers; 

Hand drills for sleepers; 

Appliances for equalising the rails, etc. 


SUMMARY. 


The replies received show that during 
recent years, all the Railway Administra- 
tions have been devoting special care to 
equipping their lines with appliances, 
and to suitably programming the work 
to be effected on the permanent way. 

This is merely the result of a necessary 
rationalisation and cheapening of this 
work in connection with the economies 
which are necessary in the working ex- 
penses. 

It is evident that the most perfect me- 
chanical appliances from the te¢hnical 
standpoint are not economical when suf- 
ficient conditions are not already present 
for. their suitable application. In this 
instance; the rule applies in particular 
that the rational use of any appliance or 


plant intended to replace manual labour 
for the maintenance ot the permanent 
way can only be realised if the working 
expenses, including depreciation of the 
purchase price, are less than the cost of 
carrying out the same work by hand. 
In addition to this calculation, the follow- 
ing should be borne in mind : 


1. That the use of a mechanical appli- 
ance is often more advantageous than 
manual labour because the operation is 
technically more perfect, more efficient, 
more lasting, etc. 

2. That mechanical appliances enable 
work which is limited as regards time to 
be carried out at a rate which could not 
ultimately be kept up by manual labour. 

3. That mechanical appliances are often 
necessary so that they may be kept in 
reserve in case of a shortage of manual 
labour. ; 


Taking these considerations into ac- 
count, very good results have been ob- . 
tained from the appliances for the me- 
chanical packing of the sleepers, as 


-well as the mechanical appliances for 


adzing and drilling sleepers, appliances 
which may be combined with the fixing 
of the sole plates on the sleepers and with 
the tamping of the sleepers; similarly, 
good results have been obtained by the 
use of special wagons for automatically 
unloading ballast and of motor trolleys 
for the transport of material, as well as 
by the use of small hand appliances. 

According to our calculations, by -em- 
ploying the above-mentioned mechanical 
appliances, economies varying between 10 
and 50 % of the expenses required by 
manual labour may be expected. 

The final result of all these considera- 
tions may be formulated by the statement 
that the present results of the’ use of me- 
chanical appliances for permanent way 
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Fig. 


maintenance, and the ever-increasing need 
for the rationalisation of this work indis- 
pensably demand that the Railway Admi- 
nistrations should continue to observe 
most intensely all efforts which aim at 
the introduction -of suitable appliances 
and mechanical arrangements for perma- 
nent way maintenance. 


SECOND PART. 


The scientific organisation of 
maintenance work. 


Question 1. — What is the organi- 
sation of the permanent way maintenance 
on your railway ? 


A. Organisation of the maintenance 
personnel : 
a) Uniformly distributed over the lines; 


b) Concentrated in definitely selected 
places; 


c) Personnel specially employed on the 
maintenance of signals, tunnels, bridges, 
etc. ° 


B. Supervision and guarding of the 
permanent way : 


a) In special works, tunnels, bridges, 
etc.; 
b) Level crossings; 
c) Over the entire length of the perma 
nent way. 


The replies received to question 1 (see 
Appendix I) show that the basic unit for 
permanent way maintenance work is, for 
most of the administrations, the gang, 
composed of a-foreman and a certain 
number of workmen, appointed to see to 
the maintenance of the permanent way 
in a pre-determined section, the length 
of which is from 4 to 15 km. ( 25 to 
9.3 miles) according to whether it is a 
main line, secondary line, eae track, 
double track, ete. 
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As a general rule, these gangs are dis- 
tributed uniformly along the line, except 
in large stations where the gangs have to 
be reinforced in proportion. 

For special work, such as skilled work, 
the maintenance of signals, bridges, elec- 
trical installations, etc., the railway ad- 
ministrations possess according to the 
extent of their lines a special staff of 
specially trained workmen. 

The work of guarding the track is car- 
ried out on most railways by keepers, 
ofien also by workmen; at the level cross- 
ings provided with barriers, there are 
gate-keepers to watch the crossing; on 
some railways, as in Switzerland, women 
also are employed for this duty. 

Recently, the barriers on the track have 
been replaced by light signals, for 
example on the Swedish Railways. 

The supervision of tunnels and bridges 
as a general rule is allotted to the line 
watchmen; special watchmen are detailed 
for dangerous parts of the line. 

This organisation differs on the Swed- 
ish State Railways, the lines of which are 
distributed into sections for a line watch- 
man; each watchman has to watch a sec- 
tion of 2.3 km. to 8.2 km. (1.43 to 5.1 
miles) depending upon the importance 
of the line. The watchmen watch the 
line in their section and also carry out 
the maintenance work. In Summer, two 
labourers work with them, specially en- 
gaged for the duration of the most im- 
portant work. 

The gangs, skilled workmen and watch- 
men are supervised by track inspectors; 
the length of their districts varies accord- 
ing to the extent of their authority. The 
track inspectors have to cover their dis- 
tricts, either by train or on foot, daily or 
at intervals. The superiors of the track 
inspectors are the permanent way engin- 


eers, who are always in charge of several 
districts of track inspectors. 


Qurstion 2. — Innovations introduced 
in recent years with the object of effect- 
ing permanent way maintenance more 
economically. 


The means which have been used with 
the view of making the work of maintain- 
ing the permanent way more economical 
are as follow : 


Use of mechanical appliances and in- 
struments (Denmark, Finland, Czechoslo- 
vakia) increase in number of sleepers, 
replacing packed ballast by broken bal- 
last; drainage of earth-work; use of motor 
trolleys for the transport of material 
(Switzerland, Czechoslovakia); replacing 
the line watchmen by workmen(Sweden) ; 
reduction in the gangs (Bernese Alps 
Railway). 


Question 3. — What is the most recent 
equipment of your permanent way ? 

a) Main line; 

b) Secondary line; 

c) Weight and length of rails, system 
of joints, number and kind of sleepers, 
method of fixing the rails to the sleepers, 
type of ballast. 


According to the replies, the railway 
administrations employ mostly on the 
main lines, Vignoles rails weighing 44 
kgr. per m. (82.7 lb. per yard) (Bulgarian 
State Railways) to 46 kgr. per m. (92.7 Ib. 
per yard), (Norwegian State Railways), 
of the ordinary lengths of 12 to 20 metres 
(39 ft. 4 1/2 in. to 65 ft. 7 3/8 in.) with 
suspended and fixed joints (supported on 
two sleepers) with wooden and _ steel 
sleepers; for fixing the rails to the sleep- 
ers, use is made of sole plates, clips, bolts 
and coach screws; for the ballast, broken 
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stone, packed river gravel and sand are 
used. 

The Czechoslovakian State Railways in 
addition employ in tunnels double headed 
rails weighing 47.1 kgr. per m. (94.9 lb. 
per yard), and 15 m. (49 ft. 2 1/2 in.) 
long on 24 sleepers. 

On the secondary lines, a light type of 
rail of a minimum weight of 20 kgr. per 
m. (40.3 lb, per yard) is sometimes used 
(Greece, North-East Railways), and some- 
times material from the main lines is em- 
ployed. As regards the joints, the num- 
ber and type of sleepers, fixing the rails, 
rules similar to those in force on the main 
lines are applied. For the ballast, the 
cheaper varieties of ballast are mostly 
used. 


Question 4. — What is the average 
length of line kept in repair by a gang ? 

How many platelayers including the 
foreman are there in a gang, including 
the foreman platelayer, and if there are 
any, his assistant and the under foremen, 
on: 


a) Main lines; 
b) Secondary lines ? 


Question 5. — Do you employ formule 
for determining the number of workmen 
necessary for the maintenance of a cer- 
tain length of track (single track or se- 
veral tracks)? If so, what are these for- 
mule ? 

How do you introduce into these for- 
mule the length of accessory tracks and 
the number of switches which are equi- 
valent to a certain length of main line 
track ? - 


Question 6. — Is the number of work- 
men in a gang constant winter and sum- 
mer, or do you have gangs formed of a 
limited number of workmen, who are 


permanent employees of your administra- 
tion, supplemented in summer by tempo- 
rary workmen ? 


Question 7. — What other duties are 
allotted to the gangs such as: cleaning’ 
ditches, keeping hedges in repair, etc., or 
is such work entrusted to contractors ? 


According to the replies to questions 4, 
5, 6 and 7 (see Appendix III) the basic 
working unit for most administrations is 
the gang as already mentioned in the re- 
plies to the first question. 

The average length of line allotted to 
a gang varies from 4 to 12 km. (25 to 7.5 
miles) on the main lines; on secondary 
lines from 4 to 15 km. (2.5 to 9.3 miles). 
The number of workmen permanently 
employed in a gang (during the whole 
year) again varies from 4 to 12. These 
workmen are, as a general rule definite 
employees of the railway; this number is 
increased by temporary employees during 
the principal work of permanent way 
maintenance. 

The number given above usually in- 
cludes also the number of workmen ne- 
cessary for the relief of the track watch- 
men, and as supplementary workmen in 
stations, warehouses, etc. The Swedish 


_and Finnish railways — as already stated 


in the replies to the question 1 A — do 
not work with gangs organised in this 
way but, as a general rule, the mainten- 
ance work is carried out by track watch- 
men under the control of the inspectors, 
and they are allotted a number of sup- 
plementary workmen during the period 
when the principal maintenance work is 
done. « 

The number of workmen required in 
forming a gang is determined by some 
railways, for example, the Danish, Egyp- 
tian, Luxemburg, Roumanian and Cze- 
choslovakian railways according to for- 
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mule, which fix empirically the number 
of workmen necessary for the mainten- 
ance of a kilometre of complete track, or 
also of station tracks (main, secondary). 

The number of men necessary for the 

maintenance of one kilometre of single 
track main line, as determined by these 
formule, varies between 0.6 and 1.2 men; 
for the maintenance of 1 km. of single 
track main line, the average is about 0.8 
man (1.3 men per mile); for the mainten- 
ance of 1 km. of double track main line, 
about 1.5 men (2.4 men per mile). 

The formule employed are simple, but 
they are not sufficient for determining 
exactly the jabour required, and still less 
for strictly ascertaining the maintenance 
costs, in view of the fact that no allow- 
ance is made for very important factors, 
such as : 


a) Conditions of the road and gradient; 

b) Conditions of the earthwork; 

¢) Quality of the ballast; 

(d) More exact distinction of the types 
of track in stations (whether the tracks 
are used by passenger trains or only by 
goods trains or whether the track in ques- 
tion is a sidings track, etc.). 


Taking 1 km. of track as the basic 
length for maintenance, it is a matter of 
converting, on all the lines entering into 
consideration, 1 km. of all the existing 
tracks (full tracks, lines of one or more 
tracks, main and secondary station tracks, 
ete.) in terms of a uniform measure, 
called «reduced or equivalent kilometre ». 
This is obtained by increasing or reduc- 
ing in proportion, or generally, by reduc- 
ing the kilometre of an effective track 
determined by means of proportionately 
selected coefficients, on the basis of the 
experience gained, for all the details men- 
tioned above and for others not men- 
tioned. 


Fir =20 


In this way, lengths of sections of track 
and of entire lines are obtained in terms 
of equivalent kilometres, which have a si- 
milar value for all lines and for all kinds © 
of track, and for these lengtns it is pos- 
sible subsequently to determine the num- 
ber of workmen necessary for mainten- 
ance in a much more exact manner than 
by means of the formule hitherto em- 
ployed. 

The Administration of the Czechoslo- 
vakian State Railways has made a_ tho- 
rough study of this question, and in 1929 
arranged for the length of its lines to be 
given in equivalent kilometres according 
to the above-mentioned. principle. This 
Administration is also going to use, by 
way of trial, the results of this enquiry 
in order to determine the number of 
workmen necessary for maintenance work, 
as well as for studying the results of that — 
work. 

A ‘few of the railways, chiefly the 
Egyptian railways, and some of the Swe- 
dish and Swiss railways, work with a con- 
stant number of men in a gang during 
the whole year. For most of the railways, 
however, this number is not constant, 
being less in winter, when the gangs are 
made up as a rule of permanent employees 
only, being increased by temporary work- 
men in summer according to the requi- 
rements. 


In order to determine the number of 
permanent workmen (one could also say: 
in order to fix the winter effective of 
workmen), local conditions are obviously 
determinative, which conditions, of cour- 
se, are not identical for all railways. 

In this connection, it is profitable and 
justifiable to start out from the principle 
that there should be no permanent em- 
ployees for the maintenance of the super- 
structure except those who may be em- 
ployed rationally at the period of least 
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work, which on most railways is in win- 
ter. 
(Extra work in connection with the re- 


moval of snow does not enter into the - 


calculation.) 

For the principal working season, that 
is to say, for the period from spring to 
autumn, the number of workmen is in- 
creased by means of temporary workmen. 

As a general rule, the maintenance 
gangs also carry out accessory work, such 
as cleaning the approaches, looking after 
the hedges, ete. 

On some railways, such work is done 
chiefly in winter. 


Question 8. — For the permanent way 
maintenance, do you apply the system of 
continuous maintenance or the system of 
general periodic overhaul ? 

In the latter case, after what interval of 
time is the general overhaul repeated ? 


Question 9. — In the case of mainten- 
ance by general overhaul, do you have 
this inspection made by the ordinary 
gangs or by special gangs inspecting the 
entire track ? 


The Guillaume-Luxemburg Railways 
apply the system of general overhaul for 
the maintenance of the permanent way on 
all their lines; the Czechoslovakian State 
Railways on the main lines; the frequen- 
cy depends upon the intensity of the traf- 
fic, the system and the quality of the 
superstructure, the quality of the ballast, 
elG: 

The commonest intervals are from two 
to five years. The Swiss Federal Rail- 
ways, at the present time, are employing 
the system of periodical general overhaul 
in a temporary manner. In the opinion 
of this administration, this system will 
not do away with the other (maintenance 
by continuous inspection). As regards 


the interval at the end of which the in- 
spection should be repeated, it is not yet 
possible to make any definite statement. 
The general inspections on the Guil- 
laume-Luxemburg and Czechoslovakian 
railways are made by the ordinary gangs, 
reinforced — if necessary — by day la- 
bourers. Those on the Swiss railways 
are carried out to some extent by the 
employees of the railway, and also by pri- 
vate undertakings; in the latter case, the 
work is done on contract. 

The last-mentioned system is chiefly 
employed when the whole of the ballast 
has to be removed. 

The Bulgarian State Railways have 
abandoned the system of maintenance by 
general overhaul since the Great War, 
owing to the lack of means, but the sys- 
tem is to be put in operation again and 
the inspections will be repeated every 
three years, 

All the other railways carry out the 
maintenance work of the permanent way 
on the continuous system. 


Question 10. — What is the technical 
procedure in : 


a) Preparing the material before being 
placed in the track; 

b) The care bestowed on the material 
while in use, indicating the average life 
of the different materials; 

c) Moving the track; 

d) Tamping and straightening; 

e) Cleaning and weeding the ballast ? 


a) and b) As regards the preparation 
of the material before it is placed in the 
track, and the care to be bestowed on the 
material while in use, impregnation of 
wooden sleepers is employed almost uni- 
versally. On some railways, sleepers that 
are not impregnated, rails and small ma-. 
terial in tunnels, where galvanised coach 
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screws are also used (Luxemburg) are 
treated with pitch; in addition, the sig- 
nals are cleaned and drained, and efforts 
are made to prevent as far as possible 
creeping of the rails by employing anti- 
creeping devices. 

As a general rule, the necessary ma- 
terial is uniformly distributed along the 
track. 

As regards the average life of the 
various materials, the following particu- 
lars are given by the Administrations : 

In order to increase the life of the 
worn sleepers, the seats are re-adzed, the 
sole pieces are removed, sole pieces of 


poplar are placed in position and the 


sleepers are plugged. To increase the 
life of rails with worn ends, they are 
built up about the joint and the top face 
planed (Luxemburg). 

As regards the average life of the other 
materials, the Rumanian State Railways 
alone state that the average life of the 
fishplates, bolts and coach-screws is 415 
to 20 years and that of the sole-plates is 
30 to 40 years. 

The other administrations state that it 
would be very difficult to provide exact 
information on this subject. 

c) As regards moving the track, only 
a few railways furnish interesting infor- 
mation; for example, the Danish State 
Railways, who, in the case of small move- 
ments, remove a portion of the ballast 
and reline the track without taking it 
apart. For moving the track over large 
distances, the track is taken up and re- 
erected in the desired place; 

d) Tamping is done either by hand or 
by compressed air tampers (see first 
part of the questionnaire); as a rule, 
straightening is done by hand; 

e) As a general rule, the ballast is 
cleaned by forking or by screening; 
weeding of the ballast is done by hand 


or by ballast ploughs (Denmark, Sweden), 
by the « Scheuchzer » weeding machine - 
(Switzerland) or by means of chemical 
substances (watering with sodium chlor- 
ate) in Denmark and Luaemburg; sodium 
chlorate in Sweden. 


Question 11. — Do you have certain 
work done on contract by your own em- 
ployees, or do yow grant bonuses for 
work done in a fixed time? 

If so, what are these bonuses expressed 
in terms of wages? 

How is the work supervised in such 
cases? 

Has the method of carrying out the 
work of permanent way maintenance on 
contract or with bonuses a bad effect on 
the exactness with which the work is 
done? 

What is the annual cost per kilometre 
of single track? 


The railways of Bulgaria, Denmark, 
Egypt, Finland, Greece, Luxemburg, Nor- 
woy, Rumania, Yugoslovia and Switzer- 
land have all permanent way maintenance 
work done by their own employees on 
day-work; there are neither piece-work 
nor bonuses. On the Swedish State Rail- 
ways, the temporary workmen do certain 
work on contract, but only when it is 
possible to see that the work is done 
properly. The details relating to this 
work are not given. 

The Czechoslovakian State Railways 
have some of the work of renewing the 
superstructure done by contractors and 
are very satisfied with this method of 
working. It is merely necessary to swper- 
vise very closely the work done by the 
contractor. The maintenance work pro- 
perly so-called is done only by the em- 
ployees, who have neither contract work 
nor bonuses. 

As regards the cost per annum of main- 
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a SS 
Name Average life of sleepers. 
of Railway Wood. 
Peer Metal. 
sports SEES Impregnated. | Non-impregnated. 
1 Denmark (2c S505 5 20 to 25 years. | 
He Vpemaaeee: Wie eens: 10 to 20 years. 
Luxemburg ... . 27 1/2 years. 
Ramana ass VS ae 15 to 20 years. 
Yugoslavia . . . .|12 to 15 years (beech slee-|8 to 12 years (oak sleepers). 
pers). 
Sweden (*) (Stock- 16 to 20 years; (*) 30 years./8 to 10 years; (*) 12 years. 
holm-Roslags) . 
Switzerland ... . 20 years. aro 25 years. 
| Qzechoslovakia . . ~. ]20 to 25 years (beech and oak/10 to 15 years (oak sleepers) ; 
| ereosoted sleepers); 10 to] 5 to 7 years (pine slee- 
15 years (pine sleepers). pers). 


Average life of rails. 


Name of Railway 


In tracks of secondary 
or goods lines. 
2 


Administration. In main line tracks. | 


Menmarieg sy tee From 25 to 40 years (total life?). 

Epp ise ey Seamer From 25 to 40 years (total life’). 

lGipanliy ae Cuon oes From 25 to 30 years. 20 years (rails obtained from main 
lines) . 

ROMANIA. “oc: yay soe From 30 to 40 years (total life?). 

Yugoslavia . . . . «| From 30 to 35 years, also 50 years; in future, an average life of 


20 years will be reckoned in the main lines, and then these zails 
H will be used in the secondary tracks. 


Sweden." sas) eee = "From 15 to 30 years (total life?). 

Switzerland « . . . ~ 25 years. Not given. 

|Czechoslovakia . . . . From 20 to 30 years. 25 years (rails from the main line 
tracks). 
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taining the permanent way, the Egyptian 
State Railways indicate that the annual 
maintenance cost is 1 652 gold-francs per 
kilometre (2658 gold-fr. per mile) of 
single track (excluding renewals and the 
maintenance of bridges), and the Stock- 
holm-Roslag Railways indicate this cost to 
be $ 60 to 100 ($ 96.5 to 160 per mile). 


The other Railways do not give any po- 
sitive information regarding this cost. 


Qurstion 12. — What is the working 
day:for ordinary platelayers ? Is this day 
fived by law? 

If so, has any distinction been drawn 
between ordinary work, overtime work 
and urgent work? 


Question 13. — If the working day is 
fiwed by law, is the time counted from 
the moment the workman arrives at the 
place where work is to begin, or from the 
moment he arrives at the point on the 
railway territory nearest to his dwelling ? 


The working day is fixed by law at 
8 hours for the following administra- 
tions : Finnish State Railways, and the 
Railways of Luaemburg, Norway, Yugo- 
slavia, Bulgaria, Switzerland and Céze- 
choslovakia. 

The working day may be extended in 
cases of urgency, such as : accidents, work 
which has to be done in the interests 
of the safety of the traffic, extra accu- 
mulation of work etc.; but the number 
of hours worked on this overtime per 
year is limited by law, and is regularly 
combined with extra wages or a reduc- 
tion in the working day. 

In Rumania, 10 hours are worked in 
summer and 8 in winter; in exceptional 
cases the day is increased up to 12 hours, 
with overtime pay. 

The Swedish State Railways give the 


effective working day as 8 hours which 
is not fixed by law. 

The Danish State Railways state that 
the average working day is limited to 
8 1/4 hours, without being fixed by law. 
The working day for the railways of 
Egypt and Greece is 9 hours without 
being limited by law. The Géteborg-Boras 
(Sweden) Railway states that the working 
day is not legally fixed for their staff 
but that arrangements are made with 
the staff in charge of the inspection and 
maintenance work according to which 
the working periods are estimated for 
6 months in summer with a 9 hours’ day, 
and 6 months in winter with a 7 hours’ 
day. 

The administrations of the Stockholm- 
Roslag and Nora-Bergslagen Railways 
indicate a similar adjustment of the 
work. 

The time is regularly counted from the 
moment the workman has arrived at the 
place where the work is to begin. 

The Danish State Railways mention 
that when special tools or materials have 
to be transported to the place of work, 
the necessary number of workmen is or- 
dered to be at the depot when work hbe- 
gins, and in this case the workmen must 
arrive at the working place later, The 
same applies when tools, etc., have to be 
returned to the depot. 

The Railways of North-West Greece 
count the time from the moment the 
workman reaches the point on the rail- 
way territory nearest his dwelling. The 
Rhetian Railway pays the workmen for 
half the time required in coming the 
distance from their dwellings to the place 
where work is to begin, if this distance 
is greater than 4 km. (2.5 miles) (journey 
on foot), or if the journey by train ex- 
ceeds one hour. 
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Question 14. — Do you employ rail 
motor vehicles to take the workmen to 
their place of work? 

State the conditions under which these 
vehicles are run. 


The railways of the North-West of 
Greece utilise trolleys for this transport. 

Several Swedish railways (Véstergét- 
land-Géteborg) transport their workmen 
in light vehicles belonging to the admi- 
nistration; on the Nora-Bergslagen Rail- 
way, the workmen employ tricycles which 
are their own property. 

The Swiss Federal Railways transport 
employees who have to carry out impor- 
tant work (particularly work in tunnels) 
to the working place by special transport 
(in a coach or a rail motor coach). In 
cases of this nature, the duration of work 
is counted from the time that transport 
begins. 

The Czechoslovakian State Railways em- 
ploy rail motor vehicles (see first part 
of the Questionnaire) to conduct the 
workmen to the place of work, especially 
in cases of important work, and also on 
secondary lines, where the gangs would 
have to cover long distances on foot, 
which would entail a considerable loss 
of time. 

None of the other railways have pro- 
vided any positive information on this 
subject. 


Question 15.— Are the skilled workmen 
(carpenters, painters, stonemasons, etc.) 
and the signals and telegraphs employees 
provided with means of transport, either 
bicycles or rail motor coaches? 

In the first case, are the bicycles the 
property of the administration, or do the 
employees receive an allowance for their 
upkeep? 


On the Danish Railways, the employees 
in question are provided with rail bicy- 


cles, hand trolleys or motor trolleys. These 
vehicles are the property of the admi- 
nistration. 

On the Railways of Yugoslavia and on 
those of Rumania and Czechoslovakia, 
the telegraph employees alone are pro- 
vided with trolley-bicycles, which in Ru- 
mania and Czechoslovakia are the pro- 
perty of the Administration, and in Yugo- 
slavia, the property of the employees, who 
receive an allowance for their upkeep. 

On the Bulgarian State Railways, the 
employees in question are transported: by 
means of motor trolleys and small wa- 
gons. 

On the Swedish railway systems, the 
skilled workmen dealing with the signals 
are provided with rail motor cars which 
are the property of the administrations, 
and only on one railway (Vdstergétland- 
Géteborg) the property of the employees. 

On the Swiss Railways, motor trolleys 
are utilised belonging to the railway (Fe- 
deral Railways) ; on the Rhetian Railways, 
only the men working on electrical plant 
and contact lines employ sueh vehicles; 
some of the permanent way watchmen on 
these railways use trolley-bicycles. 

All the other administrations give ne- 
gative replies to this question. 


Question 16. — Measures taken to in- 
crease the life of ihe material in accor- 
dance with the importance of the traf- 
fic. 

The Danish and Egyptian State Rail- 
ways are introducing ballast which does 
not lose its elasticity, and are increasing 
the number of sleepers. 

The Rumanian State Railways mention 
general overhauls, tightening the bolts, 
oiling of joints, ete. 

The Railways of Yugoslavia increase 
the depth of ballast and use heavier rails, 


1051 
Iv—171 


devoting greater attention to maintenance 
and using in addition sole plates on each 
sleeper. 


Question 17. — Graph of the progress 
of all the works mentioned showing the 
economical results. 


1. Have you determined and fixed by 
graphs as a result of exact observations 
of the operations carried out on your 
lines, the normal siandard time required 
for each partial cperation or for all the 
important works to be carried out on the 
track, for example : 


A. For handling material; 
B. Maintenance work proper. 


2. In fixing the standard normal oper- 
ations, how have you allowed for time 
lost owing to train traffic or to other 
causes ? 


At the Headquarters of the Guillaume- 
Luxemburg Railways, graphs are made 
and revised monthly by the district en- 
sineers and contain all the information 
necessary for following the output ob- 
tained (strength of the gangs, number of 
working days, replacement of material, 
ete.). 

The Rumanian State Railways only 
show general observations regarding the 
yrogress of the maintenance work proper 
which may be applied in rather wide li- 
mits, because the circumstances and the 
means in and with which the work is 
done do not allow exact rules to be drawn 
up. 

One may allow : 


For tamping one sleeper with gravel 
ballast, 1 man-hour, 

For adjusting 1 metre of track in plan 
and elevation 1 man-hour (0.91 man- -hour 
per yard). 


For general overhaul, according to the 
type of track, 1 metre as a rule, 2.5 to 
12 man-hours (2.28 to 1.09 man-hours 
per yard). 

For the complete renewal of 1 metre of 
permanent way, type 45, usually, 5 man- 
hours (4.57 man-hours per yard). 

The time lost owing to train traffic is 
included in fixing the operations indicat- 
ed above in accordance with the practice 
of the railway. 

The Railways of Yugoslavia do not use 
the graphs in question, but the following 
figures have been determined for the men 
required to carry out the work (for a 
working day of 8 hours) : 

Workmen. 
A. Loading 1 ton of rails. 04 
Unloading 1 ton of rails. . 0.3 
Loading 1 m? (1 eubie yard) 


of ballast . 0.18 (0.437) 
Unloading 1 m*® (1 cubic 

yard) of ballast, etc. . 0.10 (0.076) 
B. Renewing 1 m. (1 yard) 

of rails. ; 0.04 (0.036) 
Tamping 1 sleeper 0.12 
Renewing 1 sleeper on the 

Open, tracksnshar cry = O28 
Weeding 1 m. (1 yard) of 

GAGS was 0.03 (0.027) 
Renewing 1 m. a ‘yard) 0 

track . 0.7 (0.64) 


Assembling a complete switch 
without beth he it in the 
strackisece (, . 50 


The time taken to do a certain piece of 
work is the average time. 

On lines where the traffic is consider- 
able and where the interval between the 
trains is small, the time in question is in- 
creased by 25 to 30 %. 

On the Rhetian Railway, all the main- 
tenance operations are fixed each month 
by analysing exactly the time necessary 
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for these operations. In this way, the 
standard costs of maintenance work are 
fixed for each year. 

The Swiss Federal Railways do not use 
the graphs in question, and they have me- 
rely made a few specia! observations, 
without having drawn up any tables on 
this subject. 

The Czechoslovakian State Railways, on 
the basis of trials extending over several 
years, have introduced a close supervi- 
sion of maintenance work on the track, 
and the results obtained are employed in 
determining the normal units of work. 
This supervision was made legal by a 
special regulation in 1927. 

Each foreman platelayer records daily 
all the operations carried out on the per- 
manent way by his gang on special re- 
turns giving among others the following 
particulars : 


1. Kilometre of the line where the work 
was done. 


2. Description of the work. 
3. Standard measure. 
4. Amount of work. 
5. Number of men working. 
6. Time necessary for the work. 
7. Number of hours and minutes of 
work. 
8. Number of trains during the time that 
work was in progress. 
9. Time lost : 
a) Owing to train traffic. 
b) Other causes. 
10. Number of hours and minutes of 
work without loss of time. 


11. The standard number of hours and 
minutes of work. 


The foreman platelayer enters up on 
the return the items 1 to 9 according to 
the actual work done. The track inspec- 


tor checks the entries of the foreman pla- 
telayer, calculates the items 10 and 11, 
enters the standard measures for each op- 
eration on special monthly returns, and 
this he does. separately for each gang. 
The operations are entered up according 
to the list of standard operations, which 
are also given in appendix IV (description 
ef details of the work). 


The work is divided into : 


A. Work relating to the material itself. 
B. Maintenance work proper. 

B-I. Rails. 

B-II. Sleepers. 

B-IIT. Ballast. 

B-IV. Switches and crossings. 


All the standard operations on the per- 
manent way, to which a uniform measure 
is applied, number 106. The sections of 
the way and works department check the 
work on the track and the monthly re- 
ports of the track inspectors. They en- 
deavour to bring up the necessary rein- 
forcements where the isolated gangs are 
insufficient and at the end of the year 
they draw up annual reports, showing the 
average time taken for the operations 
which form a basis for estimating the out- 
put of the gangs in the following year. 

When the average time taken for the 
operations was determined, in the first 
year this system of control was put into 
force, the exact time lost due to traffic 
or otherwise was obtained. A close ob- 
servation, extending over a whole year, 
enabled the average loss of time due to 
train traffic to be ascertained, and conse- 
quently these regular losses are not check- 
ed, but are at the present time included 
in the calculation by an average coeffi- 
cient obtained by means of observations 
taken over a whole year as mentioned 
above. The losses in time in the large sta- 
tions have not been ascertained owing to 
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the fact that shunting is always in pro- 
gress; the work on the superstructure in 
these stations is ascertained by means of 
special reports. All the results of the 
work are shown annually, as already stat- 
ed, in annual reports and graphs, accord- 
ing to Appendix IV. In this Appendix 
the maintenance work on all the first 
grade lines of the Czechoslovakian State 
Railways for 1927 is shown so as to em- 
phasize : 

a) The mutual relationship between 
the various operations; 

b) The mutual relationship between 
the main operations; 

¢) The mutual relationshin between 
the time lost in these operations. 


For instance, the graph shows that : 


a) The maintenance of the height re- 


-quires 52 % of the total work; 


b) The renewal of sleepers requires 
10 % of the total work; 

c) The maintenance of the track in line 
requires 6.5 % of the total work; 

d) The forming of the ballast bed re- 
quires 15 % of the total work. The time 
lost : 


A. is 10 % of the hours worked. 
B-I. is 6 % of the hours worked. 
B-II. is 6 % of the hours worked. 
B-III. is 6 % of the hours worked. 
B-IV. is 7 % of the hours worked. 


All these data and others relating to 
the graphs and written returns, which it 
is not possible to enumerate here, serve 
as an exact basis for determining the ac- 
tual time necessary for the work, and for 
comparing the results of the work not 
only of the individual gangs but also the 
sections of the permanent way depart- 
ment in one division, as well as on the 
whole of the Czechoslovakian State Rail- 


ways possessing and operating more than 
30 000 km. (18 640 miles). 


These data are employed partly for 
standardising the normal duration . of 
the operations, or also for eliminating un- 
necessary work, for rapidly ascertaining 
disturbances in the work, and for elimi- 
nating the causes of these disturbances. 


The results of this system of control or 
check have been very good, despite the 
initial difficulties of the foremen plate- 
layers in having constantly and accurately 
to enter up the particulars of the various 
operations and the time lost. These dif- 
ficulties have been reduced owing to the 
practice gained by the foremen plate- 
lavers and to the introduction of average 
time losses. 


The other administrations have not fur- 
nished any detailed or positive data re- 
lating to this question. 


Question 18. — Professional instruc- 
tion of the employees appointed to direct 
and carry out this work. 

Method of selecting these employees. 

Are these employees required to possess 
official or professional qualifications ? 

Does the Administration facilitate the 
instruction of these employees ? 

If so, give details of the organisation 
of such schools. . 


As regards requiring the employees 
appointed to direct and carry out the 
work of maintenance and supervision of 
the permanent way, to possess official or 
professional qualifications, one admi- 
nistration only, the Swiss Federal Rail- 
ways, states that it does not demand such 
qualifications from the district foremen. 

As regards the manner of selecting and 
instructing the maintenance and super- 
vising staff, detailed information has 
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been provided on this point by the admi- 
nistrations in their replies to Question 
XVI of the programme of the 1930 Ma- 
drid Congress: « Methods followed in 
training of staff, professionnal, technical 
and ordinary working grades ». 

It is useful, however, to reproduce here 
the more important particulars relating 
to the selection and instruction of the per- 
manent way Department staff as given in 
the reports of the railway administrations 
which show widely differing methods. 

The platelayers are recruited in some 
administrations after a simple exami- 
nation (Luxemburg, Czechoslovakia). 

The foremen platelayers are regularly 


selected from among the more capable 
platelayers. 

For the platelayers considered suitable 
for this promotion, instruction courses 
and schools are organised by several ad- _ 
ministrations. 


The Danish State Railways organises 
such courses according to requirements; 
lessons are given in ‘these schools on rail- 
way calculations, organisation and tech- 
nicalities, elementary land surveying, as 
well as the principles of signalling plant, 
etc. 

The Czechoslovakian State Railways 
organise courses covering the following 
programme : 


Track 

| Formation, ete. . 

Instruction in signals and traffic . 
Guarding the track 

Elementary education . 
Book-keeping 

Service and working orders . 


Buildings . 


Education. 
Theory, Practice, 
6 weeks. 4 weeks. 
80 hours. 168 hours. 
24 — 24 — 
52 — 

420 — 
27 — 
210 — 
6 aE 
120 — 
Total . BS. 160 hogan a 


The remaining Administrations do not 
give any detailed or definite particulars 
pertaining to courses or schools for fore- 
men platelayers. ’ 

The Administration of the Egyptian 
State Railways requires the foremen pla- 
telayers to be able to read and write and 
to know the four rules of arithmetic. 

On the Luxemburg Railways, the assis- 
stant foremen, called section assistants, 


are recruited from the platelayers, who 
have to pass an examination to be pro- 
moted to this rank. The foremen plate- 
layers are recruited from the ranks of 
the assistant foremen. 

The Rumanian State Railways give. 
their foremen platelayers a special course 
of instruction at a school, the courses 
lasting six months. 

As regards the selection of the district 
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foremen (gang inspectors, track inspec- 
tors, foremen platelayers in Norway) the 
following information is provided by the 
Administrations : 

The gang inspectors on the Danish 
Railways have to be skilled workmen. 
Before being appointed gang inspectors, 
they have worked for several years as 
draughtsmen in the offices of the Rail- 
way, after which they receive their prac- 
tical instruction. 

The district foremen of the Egyptian 
State Railways, called track inspectors, 
were recruited until recently, from the 
ranks of the foremen platelayers. It has 
just been decided to recruit them from 
among the young men who have got their 
diploma from the School of Arts and 
Crafts, after they have completed a cer- 
tain period of training as foremen plate- 
layers. 

The district foremen on the. Luxem- 
burg Railways are recruited from the 
ranks of the foremen platelayers by 
means of courses instituted at the head 
office before each examination in order 
to facilitate the preparation of the can- 
didates. 

The syllabus of the examination for the 
rank of track inspector (district fore- 
man) is composed of the following parts: 


TESTS. 
A, — Written. 


1. Report on a service matter written 
in French. 

2. Small scheme, including report with 
quantities, estimate of costs, calculations 
and drawings. 

3. Draft scheme for a small structure 
or part of a building (merely giving the 
dimensions without particulars of the 
operations carried. out). 

-4, Sketch of a structure or a building 


or part of a building or of an appliance 
with the necessary dimensions. 

5. Drawing and colour-washing sec- 
tions. 

6. Drawing up a scheme of work on 
contract or by direct labour. : 

7. Drawing up a scheme for an altera- 
tion to the interlocking or to a switch- 
board. 

8. Translation into French of a Ger- 
man text, 

9. Short report in German, 


Ba— Oral. 


10. Conversation in German. 

11. Elementary mechanics. 

12. Elements of the strength of mate- 
rials. 

13. Elements of theoretical and ap- 
plied electricity. 

14. Surveying and levelling. 

15. General ideas on railways. 

16. Railway and permanent way prac- 
tice. 

17. Practice of earthworks and build- 
ing construction. 

18. Signalling and safety devices, 

19, Telegraph and telephone lines and 
apparatus. 

90. Miscellaneous administrative know- 
ledge of railway organisation and ser- 
vice, personnel, book-keeping and the 
everyday working service in the dis- 
tricts. 

21. Track supervision and level cross- 
ing protection. 

992. Administrative law limited to sim- 
ple railway problems. 


PRACTICAL TESTS. 


23. Survey including tracks, of 4 to 
5 ares (430 to 540 sq. feet): 
In the field. 
In the drawing office. 
24. Levelling with a spirit level, keep- 
ing a field note book : 
In the drawing office. 
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On the Czechoslovakian State Railways, 
the track inspectors must be skilled 
workmen (stonemasons, carpenters, etc.) 
and hold the diploma of an elementary 
technical school. In addition, schools 
are organised for the track inspectors, 
the syllabus being as follows : 


Administrative seryice and 
book-keeping 60 hours, 
Instruction on Siguals. traffic 
and transport : 50 — 
Special instruction in track 
WOrks ele oe 20 -— 
Instruction in Comicon w “ith 
materialseqmerr. ie . 5d — 


Instruction in track inspec. 

tion and the economic con- 

trol of maintenance work. 55 — 
Instruction in safety matters. 50 -—— 
Building materials . 50 — 
. 110 — 


Formation, etc. 

Track. Cities) wit 3) ¢cca dl OO Fae 

Binldings. yvecee wi eae ee OU 
Total. . 700 hours. 


The course lasts twenty weeks. 

The Norwegian State Railways require 
the departmental foremen called fore- 
men platelayers to possess the diploma 
of an elementary technical school or of 
a higher grade technical school. In addi- 
tion, courses are organised for the edu- 
cation of the junior employees. The per- 
sonnel appearing to be qualified for pro- 
motion may take these courses in order 
to be appointed foreman platelayer. Cer- 
tificated teachers or employees are em- 
ployed to give instruction in certain sub- 
jects. 

The district foremen on the Yugoslav 
Railways, called supervisors, have to hold 
the diploma of a technical school and 
pass the prescribed examinations. 

The Administration arranges courses 
of study for the assistant supervisors, 
who receive practical and _ theoretical 


instruction (arithmetic, geometry, me- 
chanics, earthworks, superstructure, 
bricklaying, safety plant, signals, admi- 
nistration, hygiene and technology). 

The district foremén of the Swiss Fe-. 
deral Railways are generally selected from 
the platelayers. They gain their practice 
in the first place as foremen platelayers 
and later as assistant to the district fore- 
men (track inspectors). The Adminis- 
tration supplements the instruction of 
these members of the staff by courses 
which are organised from time to time, 
but which have not the character of a 
school. ‘They are not held according to 
any fixed plan. 

The Bulgarian State Railways supple- 
ment the instruction of the supervisors 
by special schools. The syllabus of these 
schools is not given. 

In addition, with the view of perfect- 
ing the knowledge of the employees, there 
are official instructions and lectures for 
the maintenance and supervising person- 
nel as well as for the signal employees. 

The section and district foremen, on 
their rounds, frequently interrogate the 
men they meet (Luxemburg, Yugoslavia, 
Czechoslovakia). 

For the section foremen (chef de sec- 
tion) a civil engineer’s diploma is gene- 
rally required. 


SUMMARY. 


Replies to the questionnaire have been 
given by nineteen Administrations in all. 
The length of the lines of these Admi- 
nistrations differs considerably, and 
varies,to a great extent for one Adminis- 
tration. 

It is evident that in view of these cir-. 
cumstances it is impossible to compile a 
summary giving an accurate picture of 
all the details and requirements of ‘all 
the Administrations under consideration. 
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Arrangements which are advantageous 
for large Administrations are not and 
cannot always be profitable for Admi- 
nistrations of less importance and vice 
versa. 

Neverthelees, on the basis of the infor- 
mation received, the following statements 
and recommendations may be made : 


4. It follows from most of the replies 
that have been given that the endeavours 
and measures aiming at the rationalisa- 
tion of all the permanent way mainte- 
nance work and tending to reduce work- 
ing expenses to a measure corresponding 
to a rational organisation of the work, 
continue to show themselves in a more 
intensive fashion. 

2. The basic unit of labour for the 
carrying out of permanent way mainte- 
nance work is, and undoubtedly will re- 
main in the future, the gang. 

The average length of the lines allotted 
fo a gang, and the number of workmen 
in a gang evidently depend upon quite a 
number of factors, as mentioned in detail 
in point 3. 

8. In order to obtain exactly the num- 
ber of workmen necessary for the work 
of permanent way maintenance, several 
Administrations make use of empirical 
formule by means of which the number 
of workmen required for the maintenance 
of 1 kilometre of track is ascertained. 


It is advisable that this number of 
workmen should be determined with the 
greatest exactitude possible. 

A suitable method for example would 
be to express the lengths in kilometres of 
all the lines and tracks entering into con- 
sideration in terms of the equivalent ki- 
lometres so that the actual lengths in 
kilometres of the different kinds of lines, 
as well as the actual lengths of the tracks 
in stations and elsewhere, are increased 


or diminished, or to speak in a more 
general fashion are equated, by employing 
coefficients obtained by a series of exact 
observations taking into account : 


a) The conditions under which the 
track is laid and the gradient. 


b) The quality of the formation on 
which the track is laid. 


c) The type and the age of the track. 
d) The quality of the ballast. 


e) The fact of whether the line has one 
or several tracks, whether it is a station 
track, etc. 


f) The importance of the traffic on 
the line, the number of trains, the speed 
of the trains, etc. 


In this way, the lengths of all the lines 
and tracks are expressed in terms of equi- 
valent kilometres, which for this reason, 
have an identical value (quality) for all 
kinds of lines. 

At the same time, a determination is 
made, according to the average for at 
least 3 to'5 years, of the average number 
of working hours required per annum 
for the maintenance of the permanent 
way on a certain line. If this number 
of hours is divided by the number of 
equivalent kilometres, the result is the 
number of working hours necessary for 
the maintenance of the permanent way for 
an equivalent kilometre. Given that, ac- 
cording to the above theory, the value of 
equivalent kilometres is identical for all 
the lines; then if the coefficients for the 
conversion are selected in a suitable man- 
ner, the number of hours of work necess- 
ary for the maintenance of the permanent 
way of an equivalent kilometre ought 
theoretically to be the same for all the 
lines, or from the practical point of 
view, there should not be any appreciable 
differences in this number, as otherwise 
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it would mean that the equivalent kilo- 
metres have not been suitably selected. 
When no such differences are to be 
found, and yet considerable discrepancies 
are found in the number of working 
hours, the cause for these differences lies 
either in the work having been done irre- 
gularly or in other circumstances. 

It devolves on the Administrations to 
ascertain these circumstances and obviate 
them. 

The number of hours of work neces- 
sary for the maintenance of the perma- 
nent way for an equivalent kilometre is 
also used to determine the number of 
workmen necessary for this work during 
the whole year, and after that, the num- 
ber of workmen for each gang. 

Next, and this depends upon certain 
circumstances, mainly climatic conditions, 
it is a question of knowing whether the 
number of men in the gangs remains 
constant during the entire year, or whet- 
her it is necessary to determine the mini- 
mum effective of a gang (an effective 
which in most administrations, is less 
during the winter season, at which period 
the ground is frozen and covered with 
snow, so that permanent way work is 
reduced to a minimum) and whether it 
is necessary to increase the number of 
workmen for the principal working 
period, from spring to winter. 

4. A very important factor relating to 
the economic execution of permanent 
way maintenance work is a suitable type 
of track. 

With few exceptions, the administra- 
tions mentioned in the present report 
employ, on their main lines, a permanent 
way with rails of 44 to 49 kgr. per metre 
(82.7 to 98.8 lb. per yard). 

The average life of the track on the 
main lines may be estimated, according 
to the replies received, at 25 years, that 


is to say, it is necessary to renew annually 
on the main lines, at least 4 % of the 
total length of line. 

The material obtained from the main 
lines may be used to advantage as a gene- 
ral rule when relaying secondary lines: 
and even station tracks. 

The ultimate life of main line track 
with rails of 44 to 49 kgr. (82.7 to 98.8 lb. 
per yard) transferred at the end of 25 
years and employed for relaying second- 
ary lines may be estimated on an average 
as 25 to 30 years, and exceptionally even 
AQ years. 

Assuming a normal relaying of the 
main lines (4 %) and that the track is 
suitably utilised on secondary lines and 
station tracks, this manner of economis- 
ing on the track appears to be one of the 
most profitable, although the stronger 
track may not always be made full use of 
on secondary lines, having regard to the 
intensity of the traffic and the load per 
axle. As a general rule, this circumstance 
is sufficiently compensated by the econo- 
mies in maintenance resulting. from the 
stronger permanent way, which suffers 
less from the traffic than lighter track. 
The principal advantage in utilising the 
track obtained from another line obvious- 
ly lies also in the saving in first costs. 

5. As an important measure, tending 
to reduce maintenance costs, mention 
should be made of the efforts being made 
to reduce the number of rail joints which 
require xelatively the greatest care as well 
as the heaviest costs in maintenance ma- 
terials and labour. 

These efforts consist in : 


a) Laying the track with rails 20 m. 
(65 ft. 7 3/8 in.) and more long; 

b) Laying the track with rails with 
welded joints in lengths of 30 to 60 m. 
(98 1/2 to 197 feet) and, in exceptional 
instances, still longer. 
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The measures mentioned are not indi- 
cated in detail in the replies received. It 
should be stated that at the present time 
these measures are being developed to a 
considerable extent on the railways of 
Central Europe. As regards the welding 
of rails, this is restricted, as far as can 
be ascertained, at the present time to 
track in tunnels, to lines without fast 
traffic and to station lines, particulary in 
shunting yards. 


This is undoubtedly a very important 
matter, deserving of the greatest attention 
from both the technical and economical 
standpoint. 


6. A very important task devolving 
upon the maintenance of the permanent 
way is to prolong as much as possible the 
life of sleepers, and especially of wooden 
sleepers which are the most frequently 
employed. 

Oak sleepers first come into considera- 
tion, then beech and finally pine. With 
few exceptions all these kinds of sleeper 
are creosoted. 

Bearing in mind the rise in price in 
the world’s timber markets, it is advis- 
able to investigate, in the closest manner, 
the present methods of creosoting wood 
and to decide the question of knowing if 
it is possible, and by what method of 
impregnating, to increase the present 
average life of the sleepers (for oak and 
heech sleepers, 20 to 25 years, for pine 
sleepers, 15 years), without increasing the 
cost of preserving, and at the same time 
if it is possible to solve the problem of 
replacing wood sleepers in the future by 
sleepers of other material, and especially 
of reinforced concrete, taking exact ac- 
count of the results of trials now being 
carried out by several railways (France, 
Italy, etc.). 


7. It has been ascertained that one of 
the causes of abnormal maintenance costs 


and premature wear of the track is the 
poor quality of the ballast and lack of 
drainage. That is why it is indispensable 
to devote the greatest care to the good 
quality and the proper thickness (in 
depth and breadth) of the bed of ballast. 

The cost of arranging a perfect bed of 
ballast, sufficiently thick and _ well 
drained, is absorbed as a rule in a few 
years by an essential reduction in the 
total maintenance cost, and by the in- 
creased life of the track. 


It is to be recommended that particular 
care should be devoted also to the ques- 
tion of chemical methods for cleaning the 
ballast to clear it of weeds, to which 
question there has not been provided 
enough information to enable one to know 
exactly whether this cleaning is really 
effective in practice and whether it is 
cheaper than weeding by hand. 


8. As regards the methods to be adopted 
for maintaining the track, for a short 
length of railway, the « continuous » 
method of maintenance work may be 
taken as a general rule as being sufficient. 

For extensive railway systems, possess- 
ing main lines equipped with heavy track, 
very good results have been obtained, 
however, « by the method of general 
overhaul », and it it is to be recommended 
that large railway administrations should 
duly observe and apply this mode of 
maintenance, one of the greatest advan- 
tages of which is the systematic work in 
adjacent track ‘sections. 


9. The hours of service, in most of the 
administrations, are fixed by law, and are 
usually 8 hours per day. 

The working period begins when the 
workmen assemble at the place of work. 

The manner in which the workmen get 
to the place of work varies widely. Some 
go on foot or by train; various kinds. of 
vehicles are also employed, especially 
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bicveles, which the men provide them- 
selves. 

40. For the transport of workmen and 
other employees, especially those em- 
ployed on the signals, small motor ve- 
hicles and trolleys are employed, and it 
is to be recommended that for moving 
workmen from one place of work to 
another these vehicles should be used as 
much as possible, since by this means, 
much time is saved and the work-on the 
track is speeded up. The first condition 
is that the vehicles mentioned should be 
used on an extensive scale, not only for 
the transport of workmen, but also for 
hauling small wagons for the transport 
of materials, and for trolleys used in 
track supervision. . 

11. Up to the present, contract work 
and bonuses have not been used in con- 
nection with permanent way maintenance. 
The work is done almost entirely under 
the direct control of the railway adminis- 
trations. 

On a few large railways only, the relay- 
ing of the track structure is let out to 
contract. The results obtained are good 
and even very good; but obviously the 
work has to be closely and constantly 
supervised. 

Despite of the present negative results, 
it is to be recommended that a continued 
study be made of the question of con- 
tract and bonus work in the track main- 
tenance, in conjunction with an exact de- 
termination of the number of workmen 


needed (see paragraph 3) and with the 


supervision of maintenance work (see pa- 
ragraph 14). 

42. As regards the use of mechanical 
appliances, and the necessity of introduc- 
ing mechanical work on the track this 
question has been dealt with already in 
the summary of the first part of the 
present report. 


13. As regards the inspection of the 
permanent way, the tendency to suppress 
barriers at level crossings, and the substit- 
ution of signals, mainly optical, is making 


itself felt more and more, as is also the 
tendency to eliminate level crossings by 
the construction of bridges and subways. | 


Owing to the extraordinary increase in 
road motor traffic, this question is in 
constant evolution and is to be closely 
followed up as one of the most important 
problems of the future policing and 
supervision of railways. 


44. The continuous observation of the 
results of the work done with the view 
of determining the normal or standard 
operations of work and their graphical 
representation have not been introduced 
generally. Still, we consider that it would 
be of great benefit in conjunction with 
all other efforts tending to an exact tech- 
nical and economical method of working, 
to devote greater attention to this ques- 
tion, particularly in connection with the 
exact determination of the number of 
hours of work required for the mainte- 
nance of the permanent. way (see para- 
graph 3). We should like to emphasize 
the extensive tests by the administration 
of the Czechoslovakian State Railways, 
mentioned in the present Report (ques- 
tion 17), carried out with the view of de- 
termining the standardised operations of 
work on the track and the losses of time 


caused. By making a constant and sys- | 


tematic comparison of the actual oper- 
ations on the different lines, it is pos- 
sible to obtain their desired standardisa- 
tion as regards the time and the method 
of working as well as the reduction in the 
working costs. 


On this basis it will probably be pos- 
sible to consider likewise the introduc- 
tion of trials with contract and bonus 
work in connection with permanent way 


i 
f 
: 
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maintenance (see paragraph 14). It is 
recommended that the greatest attention 
should also be devoted to these questions 
in future. 


15. The instruction of the maintenance 
and supervisory personnel is being suc- 
cessfully developed. Many administra- 
tions have organised special courses and 
founded schools with the view of obtain- 
ing a personnel most capable of supervis- 
ing the maintenance work (foremen pla- 
telayers, supervisors, district foremen). 
In addition, the various administrations 
have increased the requirements relating 
to the preliminary education of the can- 
didates for these posts. These are only 
the consequences of efforts aiming at 
making permanent way work and super- 
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vision as technically perfect as possible 
and at the same time most economical. 

It is certain that the better the super- 
vising members of the personnel, not only 
as regards their practical instruction, but 
also as regards their theoretical instruc- 
tion, obviously taking into account their 
sphere of action, the better will be also 
the results of their activities. 

It is impossible to recommend too 
strongly to the railway administrations 
that they should always devote the closest 
attention to the rational instruction and 
training of the supervising personnel of 
the permanent way service as being one of 
the most indispensable conditions for the 
successful evolution of the organisation 
of this service. 
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A) 


Replies received to the first questio 


FIRST QUESTION : What is the organisatie 


NAME 
OF 


ADMINISTRATION, 


Bulgaria, 


State Railways. 


Denmark. 


State Railways, 


Egypt. 


State Railways, 


Finland. 


State Railways. 


Greece, 


North-West Railways. 


Luxemburg. 


Guillaume-Luzemburg 
Railways. 


A. — Organisation of the mainlenance personnel. 


a) Uniformly distributed 


over the lines. 


Yes. 


The railways are divided into sections, 


6 to 10 km. (3.7 to 6.2 miles) long, in 
which a single gang carries out practi- 
cally all the maintenance work. The 
gang is composed of a foreman plate- 
layer, an under- foreman, 2 or 3 plate- 
layers, and a variable number of day 
labourers. Each district is usually 
provided with a hut, in a station, for 
tools and materials together with a 
canteen for the men. 


A gang of 7 to 8 platelayers is placed 
under the orders of a foreman plate-, 


layer. 6 to 7 foremen platelayers are 
placed under the orders of a track 
inspector; 5 to 6 track inspectors are 
placed under the orders of a chief 
inspector. 


Day labourers under the direction of a 


line watchman. 


The personnel is distributed in gangs, 


each of which has the maintenance of 
a section of 6 to 8 km. (3.7 to 8 miles) 
of line. 


No. 


No. 


No. 


No. 


b) Concentra-| 6) Personnel specially employ 
iddunt-defeln ect ee 


nitely selec- 
ted places. 


on the maintenance of 
gnals, tunnels, bridges, ele. 


There is a number of men 5] 
cially employed on the ma 
tenance of signals, intelot 
ing and telegraph plant. 


Yes. 


Erectors. 


Specialised personnel, under 
immediate anthority either 
the district foreman, or 
section foreman. 
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the second part of the questionnaire. 


he permanent way maintenance on your railway? 


AppenpbIx I 


i) In special works, tunnels, 
4 bridges, etc. 


dal supervision is organised accor- 
ng to requirements. 


_ guarding and maintenance of 
ying bridges is done by a special 
aff composed of one supervisor, 
or 2 fitters, a petty officer and a 
unber of sailors according to the 
ngth of the bridge. There are no 
nels in Egypt. 


- Bridge keepers. 


"specially appointed platelayers. 


——7~ 


| B. — Supervision and guarding of the permanent way. 


b) Level crossings. 


Yes. 


On most of the State Railways the 
level crossings are kept by special 
employees, often by women. 


The level crossings are guarded by 
the staff of the district inspector, 
day and night, or the day only, 
according to the traffic. 


Gate keepers. 


Keepers. 


Some of the level crossings are 
guarded day and night, or by day, 


by keepers (men or women); the 


others are not guarded. 


c) Over the entire length 
of the permanent way. 


Yes. 


The track is inspected regularly once 
a day by platelayers and sometimes 
by the higher staff. 


i 


f 


h 
A platelayer has to walk daily over a 
sections of his gang, and to mak 
sure that the bolts and coach screws 
are tight. 


Line watchmen. 
Track watchmen. 


Ou important lines daily in the morn- 
ing. The foremen platelayers in 


addition periodically inspect the sec- 
tion allotted to their gangs. i 


| 
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Norway. 
Stale Railways. 


Rumania. 
State Railways. 


Yugoslavia. 
State Railways. 


Sweden. 
Stale Railways. 


Districts of 43 to 727 km. (27 to 452 No. 


Each division has permanent way maintenance sections, 


The vailways are divided into lines for For 


the length of each section may attain 
25 km. A section is divided into seve- 
yal blocks, with foremen platelayers in 
charge of each block. Each foreman 
platelayer is in charge of the gang cove- 
ring the block. The length of the block 
depends upon the traffic. 


miles). In the important districts, 
there are for maihtenance work, an 
engineer in chief with one or more 
inspectors, each having a section attain- 
ing 200 km. (124 miles) ; the sections 
are divided into sub-sections, which are 
likewise divided into lengths (services) 
of 3 to 10 km. (1.86 to 6.2 miles) under 
a foreman. 


Gangs. No. 


supervisors and gangs of workmen. Each section is 
responsible for the maintenance of 100 to 200 km. 
(62 to 124 miles) of track. The length of track for 
maintenance depends upon whether the track is 
single or double, main-line or secondary, etc. Track 
supervisors are attached to the sections, with dis- 
tricts of 10 to 30 km. (6.2 to 18.6 miles). Each 
supervisor has 2 or 3 gangs of workmen, and each 
gang has its foreman. In addition, skilled work- 
men such as masons, joiners, carpenters, etc., are | 
attached to each supervisor. 


ve 


track watchmen, each with a track |maintenance 
watchman for maintenance and super-| in large 
vision. The number of track watch-| stations. 
men, including the reserve for sickness 

and holidays is greater than the lines 

covered. The watchmen are distribu- } 
ted uniformly over the railways. The 
length is about 2.3 km. (1.4 miles) on } 
double-track main lines, about 3.4 km. 
(2.05 miles) on single-track main lines, 
and about 4.8 km. to 8.2 km. (3 to 
5 miles) on secondary lines. 


Iv—184 
A. — Organisation of the maintenance personnel. 
NAME 
b) Concentra- 1 i male 
oF a) Uniformly distributed ted at dene Go: oe enya 
ADMINISTRATION. over the lines. nitely selec- on the maim pt ae of 
ted places, | gnals, tunnels, bridges, e 
Luxemburg. 

Prince-Henri Railways. |Vhe railways -are divided into sections ; No. Special skilled workme: 


Specialist workmen. 


Special workmen. 


The maintenance of bridgi 
concentrated in the bi 
erecting shops, the ma 
nance of safety plant is” 
centrated in the signals 
shop which carries out 
maintenance by means of 
graph and signals supe 
who are distributed unife 
over the lines. 


Not generally. 
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AppEnpIx | (continued). 


B. — Supervision and guarding of the permanent way. 


) In special works, tunnels, 
bridges, elc. 


See I/A. 


bridges, tunnels, etc., are super- 
ised and guarded by track super- 
isors or special watchmen. 


+ the supervision of weak points, 
he number of track watchmen is 
nereased as required. 


b) Level crossings. 


Line watchmen and gate-keepers. 


Gate-keepers. 


Gate-keeper's. 


On lines where the speed of the trains 
exceeds 45 km. (28 miles) per hour, 
the level crossings are provided with 
barriers; on the other lines, there 
are barriers only if the level cross- 
ings are much used or if visibility 
is bad. 


The level crossings are generally 
watched by women. In recent years, 
the supervising personnel at the 
level crossings has been replaced by 
optical and acoustical signals. 


c) Over the entire length 
of the permanent way. 


lune watchmen and gate-keepers. 


The guarding of the track is done by 
the maintenance personnel. 


By platelayers or track inspectors. 


The supervision of the permanent way 
is generally done by the permanent 
way maintenance sections and guar- 
ding is done by line watchmen. 


See A a). 


NAME 
OF 
ADMINISTRATION. 


Sweden. 


Gélteborg-Boras 
and Boras-Alfvesla. 


Sweden. 


Nora-Bergslagen. 


Sweden. 


Stockholm-Roslag. 


Sweden. 


Vdstergétland-Goteborg. 


Switzerland. 


Federal Railways. 


Switzerland. 
Bernese Alps Railways. 


Switzerland. 
Rhetian Railways. 


Czechoslovakia, 


Slate Railways. 


A, — Organisation of the maintenance personnel. 


a) Uniformly distributed 


over the lines. 
ted places. 


The line is divided into sections about 30 km. (18.6 
miles) long under track foremen. 

Each track foreman is in charge of 5 to 6 gangers who 
inspect the track every day and travel over it on 
trolleys. The rest of the time the gangers are 
employed on maintenance of the track or any other 
work connected therewith. 


Four foremen, 40 track watchmen, and a 
variable number of workmen. Each 
track watchman has about 4 km. (2.5 
miles) of line to watch. 


Yes. 


A necessary number of track watchmen 
with a certain number of labourers. 


The railways are divided into 3 main dis- 
tricts; these are divided into 20 sec- 
tions, each under a permanent way 
engineer, 86 districts under district 
foremen, and 245 sections under section 
foreman, whose headquarters are distri- 
buted in a suitable fashion over the 
entire system. 


Distributed in groups over the lines. 


Seven districts with sections under fore- 
men platelayers. 


All the railways ‘are divided into track 
sections about 100 km. (62 miles) long. 
Each section is divided into districts 
10 to 30 km. (6.2 to 18.6 miles) long 
and each district is divided into 2 or 
5 sectors under foremen platelayers. 


b) Concentra-|c) Personnel specially emp 
ied al aepome yea: 
nitely selec- 


ed on the maintenance 
signals, tunnels, bridges, 


Tunnels are only attended 
in the winter before the 
train passes, with the obj 
ot removing any ice wh 
may have formed on the ra 


26 interlocking - plant gan 
each comprising 2 to 5 & 
ployees and distributed 
tormly over the whole syste 
a bridge gang in each mi 
district, 23 sections for 
electrical installations. 


Controller of the interlock 
and mechanical installatio 


See A a). 


Special personnel for the me 
tenance of signals and bridg 
uniformly distributed ov 
system. ~ i 
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Appenpix | (continued). 


f B. — Supervision and guarding of the permanent way. 


c) Over the entire length 
of the permanent way. 


_ a) In special works, tunnels, 
| - bridges, etc. 


‘he bridges are not subject to any When the view is entirely clear, the See A a). 


special attention. level crossings are not guarded. 


Track watchmen, who are at the same 


No. The level crossings are provided with 
time workmen. 


: barriers or optical signals. 


Track watchmen. 


Track watchmen, who are at the same 
time workmen. 


Yes. The level crossings are proyided with 
barriers or optical signals. 


Track watchmen. On _ lines where 


See A a). Gate-keepers, men and women. r 

there is little traffic, the track is 
supervised by the platelayers, when 
going to, or returning from, work. 

Track watchmen. Gate-keepers. Track watchmen. 

Track watchmen. Gate-keepers. Track watchmen. 
} 
: Track watchmen. The level crossings are provided with The track is inspected regularly, by 


barriers on lines where the speed of permanent way section engineers, 


the trains exceeds 50 km. (31 miles)| once a week, by district foremen 
per hour. Such crossings are guar- 
ded by keepers. 


vegularly 2 or 3 times a week, and 
hy track watchmen once a day. 
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Replies received to the third questio 


NAME 
OF 
ADMINISTRATION. 


Bulgaria, 
Slale Railways, 


Denmark. 
Slale Railways, 


Egypt. 
Stale Railways, 


Finland, 
Slate Railways, 


Greece. 


North East Railways 


Luxemburg, 


Guillaume-Luxem burg 
Railways, 


Luxemburg. 
Prinze Ilenri Railways 
and Mines. 
Norway. 

Slale Railways. 


Rumania. 
State Railways. 


Yugoslavia. 
State Railways. 


b) 


a 
a) | 


a) } 


0) } 


Weight of rails in 
kgr. per m. {in 
Ib. per yard). 


41 (82.7) 
34.8 (70.4) 


31.2 (62.9) 


45 (90.7) 


37 (74.6) 
37 (74.6) 
32 (64.5) 


47 (94.7) 
46 (92.7) 
42 (84.7) 

37.4 (75.4) 

43.6 (83.9) 


30 (60.5) 


20 (40.3) 


46 (92.7) 


45 (90.7) 
41 (82.7) 


37 (74.6) 
33.4 (67.3) 


Length of rails in 
metres (in feel 
and inches). 


| 


15 (49 ft. 21/2 in.) 
12.15 

(39 ft. 10 3/8 in.) 

12 (39 ft. 41/2 in.) 


15 (49 ft. 21/2 in.) 
12 and 15 

(39 ft. 41/2 in. and 
49 ft. 21/2 in.) 

12 (59 ft. 4.1/2 in.) 

10.9-7.3 (35 ft. 9 in.- 

23 ft. 11 in.) 

(59 ft. 41/2 in.) 

(39 ft. 4.1/2.in.) 

*(39 ft. 4 1/2 in.) 

& (26 ft. 3 in.) 


12 
12 
12 


12 (39 ft. 41/2 in.) 
12 (39 ft. 41/2 in.) 


8 to 9 (26 ft. 3 in. 
to 29 ft. 6 3/8 in.) 


18 (59 ft. 5/8 in.) 


15 (49 ft. 21/2 in.) 

15 (49 ft. 21/2 in.) 
12.15 

39 ft. 10 3/8 in.) 


( 
12 (39 ft. 41/2 in.) 


18.12 
(59 ft. 5 1/2 in.) 


What is your most recent pattern of track 


System of joints. 


Suspended joints. 


; 
Joints supported on two sleepers. | 
7 
— / 
Suspended joints. 
Suspended joints. 
Suspended joints. 


Not given. 


Supported joints. 


On 2 sleepers, counter joints placed side by 
side, or suspended joints. 
Suspended joints. 


The secondary lines are provided with used rails. 


49 (98.8) 


[15 (49 ft. 21/2 in.) 


41 (82.7), 40 (80.6),/15 (49 ft. 21/2 in.), 


35 (70.6) 
30 (60.5), 25 (50.4) 
45 (90.7) 


12 (39 ft. 4.1/2 in.) 
7.5 (24 ft. 71/4 in.) 
10 (32 ft. 93/4 in.) 
12 (39 ft. 41/2 in.) 


Joints on two sleepers, connected together. 


Joints on two sleepers, connected together. 


» Rails removed from the main lines are used. 


15 (49 ft. 21/2 in.) 
15 (49 ft. 21/2 in.) 


12.5 (41 feet) 


Firm joints on sleepers; double; suspended. 


Suspended. \ 
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he second part of the questionnaire. | 
eee | 


lm lines; hb) Secondary lines ? 


APPENDIX II. 


Number and kind of sleepers. 


atid 


or 15 metres, wood or metal. 


ne wood. 


ov 15 metres. 
» 25 for 15 metres, of Be: 


o” 12 metres. 
10 of pine. 


r 19 for 12 m., wood or metal. 
b 19 for 12 m. 
19 for 12 m. 
a for 8 m., wood or metal. 


) per km. (2 414 per mile), wood. 


@ 
. 


) 50 for 18 metres, wood or metal. 
ad 24 
20 wood. 
a7 
” 18 m., oak. 
Bee: ni, ; oak. 


12 m., oak. 
ined from the main ares 


a 15 in, wood. 


) per km, (1931 per mile). 
jr 12 m., wood, and 2 joint sleepers. 
it 


eae 


15 m., and 2 joint sleepers, wood. 
19 for 15 m. 


ety for 12.5 m. 


¥ 0.75 m. (2 ft. 5 1/2 in.), one oak sleeper. 


Method of fixing the rails 
lo the sleepers. 


Sole plates, clips and coach 
screws —- clips and _ bolts. 
Sole plates, clips — sole plates, 

clips and coach screws. 


Sole plates, coach screws and 
clips. 


Coach screws and clips. 


Plates, coach screws, bolts. 


Plates, coach screws. 


Clips. 


Coach serews. 
Wood sole plates, coach screws. 
clips and holts. 
Hooked sole plates, clips and 


coach serews. 


Poplar packings. with coach 
screws, steel plates with clips. 


Sole plates with coach screws, 
hook bolts, clips. 


Sole plate with clips. 
Plates, coach screws. 


Coach screws, spikes. 


Spikes. 


: 


| 
| 
| 
| 


Type of ballast. | 


River gravel, broken stone. 


Granite chippings. 


Gravel. 


Pebbles mixed with sand. 


Coarse gravel. 


Pebbles. | 


River gravel, broken stone, slag. 


Broken slag. 


Gravel and broken stone. 
Broken stone, gravel. 


Gravel mixed with sand. 
Broken stone or gravel. 


River gravel. 
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NAME 
OF 
ADMINISTRATION. 


Sweden. 
state Railways. 


Sweden. 
Géteborg-Bords 
Railways. 
Sweden. 
Nora-Bergslager 
Railways. 
Sweden. 
Ntockholm-Roslag 
Railways. 


Sweden, 


Vaslergotland-Goteborg. 


Switzerland. 


Federal Railways, 


Switzerland. 


Bernese Alps Railways. 


Switzerland. 
Rhetian Railways. 


Czechoslovakia. 
Stale Railways, 


(*) In tunnels. 


“What is your most recent pattern of t 


a 


| 


5 (50.4), 27 (54.4), 


Weight of rails in|Length of rails in 
kgr. per m, [in 
Ib. per yard). 


metres (in feet 
and inches). 


43.2 (87.1) | 
41.2 (83.1) } 
34.5 (69.5) 
£7.6 (55.6) \ 
41.2 (83.1) 12 (39 ft. 41/2 in.) 
32 (64.5) 10 (32 ft. 93/4 in.) 
32.7 (65.9) 12 (39 ft. 41/2 in.) 
23.0 (46.4) 9 (29 ft. 6 3/8 in.) 
22.8 (46.0) 10 (32 ft. 9 3/4 in.) 
32.7 (67.9) 3 
24.8 (50.0) 10 (32 ft. 93/4 in.) 
46 (92.7) 18 (59 ft. 5/8 in.) 


See under Swiss Federal Railways. 


Enea 12 and 15 
49.7 (100.2) | 25 (82 ft. 1/4 in.) 
20 (65 ft. 7 3/8 in.), 
44.4 (88.5) 45 (49 ft. 2 1/2 in.) 
47.1 (94.9) (*) | 15 (49 ft. 21/2 in.) 
35.6 (71.8) |15 (49 ft. 21/2 in.) ) 


Used material from the main line tracks is employed and also: 


26.1 (52.6) | 12.5 (41 feet) | 


System of joints. 


Supported and suspended joints. 


Suspended joints. 


Suspended joints. 


Not stated. 


Supported joints. 
Used material from, 


Suspended joints. 


—— ee 


Bridge joints. 


Suspended joints. : 


eee a 


\ 
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APPENDIX II (continued). 


lain lines; b) Secondary lines ? 
i z _— 


a 
r 


Number and kind of sleepers. 


| wood. 
ot stated. 


“to 13 per 10 m. 
if 


} 


per km. (2414 per mile), wood. 


' 
| 
| 


E: 18 m., wood and steel. 


ain lines is employed. 


— 23 for 15 m., wood. 
—23 for 15 m. 


to 18 for 12.5 m. 
* mg 


® 
; 
i 


Method of fixing the rails 


to the sleepers. Type of ballast. 


Plates, spikes. Gravel. 
Spikes or rail chairs with bolts. Gravel. 
Spikes. Gravel. 
Spikes. Gravel or pebbles mixed with 
sand. 


Spikes. Gravel. 


Sole plate with coach screws, 


clips and _ bolts, Broken stone. 


River gravel. 


Clips with bolts, plates with 


spikes. Broken stone. 


Plates, coach screws, clips, : 
spikes, chairs (in the tunnels). bes ae 


Plates, spikes. Broken stone, gravel, sand. 
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Replies received to the 4th, 5th, 6th and 7th questio 


Question 4. 


NAME Average length of line kept in repair by a gang. 


Or Number of platelayers including the foreman plalelayer, 
and if there are any, his assistant and under-joremen. 
ADMINISTRATION. 


Main lines. Secondary lines. 
Bulgaria. 
State Railways. 10 km. (6.2 miles) with 6 permanent workmen, and 6 temporary workme! 
Denmark. 
State Railways. 6 to 10 km. (3.7 to 6.2 miles) with 4 to 5 employees and a certain number 
day labourers. 
Egypt. 
State Railways. About 5 km. (3.1 miles) of double track; about 8 km (5 miles) of single track 
a gang consists of a foreman platelayer, a senior platelayer, and 6 
8 platelayers. 
Finland. 
Slate Raihways. There are no gangs (See under I A a). 
Greece. 
North-West Railways. xo One foreman, one under-foreman % 
4 workmen. 
Luxemburg. 
Guillaume-Luremburg Railways. 12 km. (7.5 miles) double track; 7.5 km. (4.7 miles) single track. 
The number of platelayers in a gang (including foremen and under-foremeé 
as permanent employees, varies from 17 to 30 for the gangs in large statioi 
From 10 to 19 for gangs on sections|From 6 to 14 for gangs on sect 
of open line. of open line. 
Luxemburg. 
Prince Henri Railways. In ordinary track, a gang should have 4 to 6 km. (2.5 to 3.7 miles) of tras 
10 to 12 men. 5 to 6 men. 


ie 
’ 


A073 
W193 


the second part of the questionnaire. 


Dee 


AppPENbIx III. 


Question 5. 
————————————————————OOOOO 


Question 6. 


Question 7. 


rmule for delermining the number of workmen 
aecessary for the maintenance of a cerlain 
length of track. 


a 


No. 


le number of workmen is fixed according to the 
humber of axles running annually over the track. 
[t is fixed at 0.2 to 0.6 man per km. (0.32 to 
id per mile) of track, with any necessary addi- 
jons. 


km. of double track = 1.5 km. 
km. of sidings track = 0.5 km. }of single track. 
switch = 0.1 km. (0.062 mile). 


86 man is employed per km. (1.38 men per 
mile) of single track. 


No, 


No. 


be 1 km. (1 mile) of single track, 0,66 (1.06) men. 
wv 1 km. (1 mile) of double track, 1.00 (1.6) men. 
ww 1km. (1 mile) of triple track 

di : . . . 1,66 (2.67) men. 


ae) aa mes 
x 1 km. (1 imile) of four-track 


renee... «2-00! (5.2) men. 
be 1 km. (1 mile) of goods track 0.4 (0.48) man. 
br 60 units of apparatus . 1.0 man. 


platelayers per district for the maintenance of 
Safety plant and for the relief of employees who 
lave sick or on leave. 


yitches count only 1/2, and sidings tracks only 1/4 
the length of open line. 

itelayer per 1.450 km. (0.90 mile) of main line. 
atelayer per 1.750 to 2.0 km. (1.08 to 1.24 miles) 
secondary line. 


Ts the number of workmen in a 
gang constant winter and 
summer, or do you have 
gangs formed of a limited 
number of workmen, who are 
permanent employees of your 
administration, supplemented 
in summer by temporary 
workmen ? 


No. Jn winter, 6 men. In sum- 
mer, each gang is made up 
of 15 men. 


The number of employees is 
fixed. A certain number of 
day labourers is added thereto, 
according to the season and 
by calculation, 


The number is constant. 


No. 


The number is constant. In 
spring we engage day labou- 
rers for weeding. 


The gangs are formed of a cer- 
tain number of permanent 
employees, reinforced during 
the good season by day labou- 
rers. 


The number of workmen is the 
same, winter and summer. 
{t is only exceptionnally that 
temporary workmen are en- 
gaged. 


What olher duties are allotted 
to the gangs, such as : clean- 
ing ditches, keeping hedges in 
repair, etc., or is such work 
entrusted to contractors ? 


On maintenance work alone. 
The other work is done by a 
special set of employees. 


The gargs do all the mainte- 
nance work, etc., on the track. 

Maintenance work is not ent- 
rusted to contractors. 


There are no ditches nor hedges} 
along our railways. 


| 


No permanent gangs or contrac- 
tors. 


The gangs are also employed on 
cleaning the ditches. 


The gangs have to do all the 
maintenance work, and clean 
the track, ditches, hedges, 
etc. 


Other occupations of the gang :| 
maintenance of hedges, ditches, 
culverts, etc., assisting in the 
maintenance of telegraph lines 
under the supervision of spe- 
cial telegraph employees. 


NAME 
OF 


ADMINISTRATION. 


Norway. 
State Railways. 


Rumania. 
State Railwais. 


Yugoslavia. 
State Railways. 


Sweden. 
State Railways. 


Sweden. 


Sweden, 
Nora-Bergslagen. 


Sweden. 
Stockholm-Roslag. 


Switzerland. 
Federal Railways. 


Switzerland. 
Rhivtian Railways. 


Czechoslovakia. 
Stale Railways. 


Géleborg-Boras Railways. 


Question 4, 
Average length of line kept in repair by a gang. 


Number of platelayers including the foreman plalelayer, 
and if there are any, his assistant and under-foremen. 


Main lines. Secondary lines. 


See Question ] A. 


7 to 9km. (4.35 to 5.6 miles). 9 to 15 km. (5.6 to 9.5 miles). 
Each gang is formed of 9 workmen with a foreman. 


4 km, (2.5 miles). 8 km. (5 miles). 


Each gang is composed of 8 to 11 platelayers, including the foreman-plat 


layer. 


The gangs are not generally employed on maintenance work; only & 


straightening the track. One foreman and about 6 men. 


For ordinary maintenance, the men work in pairs on heavy traffie lin 


One extra workman (apart from the ordinary platelayer) is allowed 
every 5 km. (3.1 miles) of track with little traffic, and two extra wo: 
men for every 5 km. (3.1 miles) of track with heavy traffic. 


4 km. (2.5 miles) ; 1 foreman and 4 workmen. 


5 to 7 km. (3.1 t© 4.35 miles). 
3 men, 2 men. 


About 14 kilometres. 
12 to 20 employees. 8 to 15 employees. 


About 20 km. (12.4 miles). 
Permanent gangs of 10 men for maintenance work. 


5 to 10 km. (3.1 to 6.2 miles). ( 
Hach gang numbers 9 to 11 men, including the foreman platelayer, and 


— 


é 
‘ 


10 to 15 km. (6.2 to 9.3 miles) 


number of workmen necessary for maintenance work, for relieving wate 


men and for assisting in other services. 


APPENDIX III (con/inued) 


Question 5. 


- ~- = 


Question 6. 


Is the number of workmen in a 
gang constant winter and 
summer, or do you have 
gangs formed of a limited 
number of workmen, who are 
permanent employees of your 
administration, supplemented 
in summer by temporary 

} | workmen ? 


nul for determining the number of workmen 
cessary for the mainlenance of a certain 
aglh of track.. 


RR 


q 


To assist the foremen and line 
watchmen, mentioned under 
IA, temporary workmen are 

| employed in summer and 

partly in winter. 


en per km. (1.9 per mile) of single track|The number of workmen is 
in lines). : constant winter and summer ; 
nm per kin. (1.6 per mile) of single track| temporary workmen are added 
mdary lines). for unforeseen work. 

n per km, (1.3 per mile) of station track. 

in for 20 switches. 


No. Each gang numbers 4 to 6 per- 
| manent employees of the 
; Administration. 

q This number is made up in the 
springtime by day labourers. 

No. See Question 4. 

No. . See Question 4. 

: No. Each gang is made up in sum- 
q mer by day labourers. 

No. The number of workmen is 

constant summer and winter. 

No. During the good season, the 

gang is completed by tempo- 
rary workmen. 
No. Number of workmen is constant. 
| 
. of main lime double track =1.75 \ Each gang numbers about 6 to 


track = 0.33 km. 
ry line single track= pof main line 
single track. 


8 permanent employees, the 
gang being made up by day 
labourers in spring and sum- 
mer. 


1. of sidings 
i of Beals 


1.00 (0.62 mile). 


Question 7. 


What other duties are allotied 
to the gangs, such as : clean- 
ing ditches, keeping hedges in 
repair, elc., or is such work 
entrusted to contractors ? 


This work is done by the same 
employees stated under the 
heading 6. 


The gangs have to do all the 
maintenance work on _ the 
track, such as cleaning ditches, 
repairing hedges, etc. 


The work referred to is done by 
the maintenance gangs. 


See Question 4. 


See Question 4. 


The work referred to is done by 
maintenance gangs. 
| 


The work referred to is done by 
maintenance gangs. 


This work is done by our own 
employees during the winter) 
season. : 


In exceptional cases, this work 
is entrusted to contractors. 


The work referred to is done by 
maintenance gangs. 
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Figs. 1 to 33, pp. 1084 to 1145. 


The questions under examination, na- 
mely : 

Recent improvements in permanent 
way tools and in the scientific organisa- 
tion of maintenance work have been dealt 
with in this order in accordance with the 
Questionnaire submitted. It has never- 
theless been necessary, on account of the 
great field which the subject in question 
covers, to refrain from describing in close 


The contents are as follows : 


detail the apparatus and methods of ope- 
ration. etc., and from dealing with the 
economy of each. The description has 
rather been limited to important points 
in each case, and in order to make the 
subject more intelligible where it seemed 
advisable, it has been amplified by photo- 
graplis, so that a comprehensive and con- 
tinuous picture of the subject can be 
obtained. 
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A. — Progress in the utilisation of 
mechanical appliances for track 
maintenance. 


1. — General. 


Ever since the beginning of railways, 
all executive departments have gone into 
the question of making the permanent 
way as safe and as efficient as possible; 
but until a few years ago no material 
alterations or improvements had been 
made in working methods or appliances, 
This long period of stagnation starting 
almost from the beginning of railway 
construction, appears difficult to under- 
stand when cne considers that experience 
in doing work by machinery instead of 
by hand was being gained with an eve 
increasing degree of success in other 
constructional undertakings. When one 
considered, however, the amount of ma- 
terials in comparison with the man 
power required, a definite stimulus was 
given in permanent way operations for 
speeding up the work and for the promo- 
tion of efficiency by using machinery 
and mechanical tools whenever possible. 
There must have been some special 
reasons why these improvements had 


been developed so comparatively late in 
the day and even then in such a hesitat- 
ing manner. 

Generally speaking they were the 
exacting demands which had to be made 
on the machines and tools and which 
were difficult to meet at the stage of 
development which engineering had 
reached at that time. ; 

It is not a question, as in workshops, 
of stationary machines to which the 


work is brought, or as in the case of 


constructional and other building work, 
of machines which for weeks and months 
can remain in one place, and in most 
cases can be erected under shelter, but 
of machines which follow the continually 
moving work on the permanent way, and 
therefore move their position at more or 
less short intervals during the day’s 
work. They must therefore be portable. 
In addition the dimensions of the ma- 


chines must be kept within the limits ~ 


necessary to prevent delays or danger to 
traffic which in the first case are decided 
by the limits of the loading gauge and 
in other cases by the usually small space 
available outside the track. In spite of 
this limit in the dimensions, the machine 
has to be efficient and as foolproof as 


ee 
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possible, since it is at the mercy of the 
wind and weather on the track, and is 
usually placed in the hands of unskilled 
workmen. It was only gradually that it 
became possible with the development of 
the internal combustion engine to obtain 
a portable power source which delivered 
a large amount of power with the mini- 
mum weight and space requirements and 
yet was so simple and foolproof that it 
could be easily looked after by unskillea 
workmen. } 

Against the introduction of machines, 
certain doubts of an economic nature 
arose. It was thought that the machines 
on account of the frequent interruption 
of their working owing to the traffic on 
the lines and on account of their lying 
idle during the winter, could not be eco- 
nomically worked and therefore could 
not show any advantage. The econo- 
mical results of the work of these ma- 
chines have, however, shown that this 
fear was groundless. In addition the 
advantage has been shown that the work 
can be better carried out by machines 
during the available intervals, which are 
always becoming less frequent and shor- 
ter owing to the ever increasing traffic, 
and therefore in the interests of traffic 
operation the work can be more quickly 
completed. 

It must be mentioned here that it is not 
every kind of manual work which can be 
carried out by machinery with economic 
suceess. For a large amount of track 
construction and maintenance work a 
certain number of workmen is necessary 
on account of the kind of work which has 
to be dealt with and the weights of the 
materials which have to be moved, and 
their complete employment during single 
operations of the work would be in- 
fluenced by the use of machines. It must 
therefore be considered carefully whether 


the machines actually help the work 
along in an economic sense or whether 
they can be better dispensed with. It is 
just at the present time when all kinds 
of machines are available that this exa- 
mination is necessary. 

An objection which is indeed not enti- 
rely without foundation was raised from 
an operating standpoint against the use 
of certain machines, viz, against those 
which are able to move on the rails wider 
their own pover and further those which 
occasion a great amount of noise. 

It is obvious that attention must be 
paid as far as possible to the legitimate 
wishes of the operating department. For 
machines which can move under their 
own power form a source of danger 
which must be considered especially on 
tracks where the traffic is dense. The 
wishes of the permanent way engineer 
must. give way in these cases to the 
necéssities of traffic operation. Apart 
from rail motor cars, motor line inspec- 
tion trolleys and motor trolleys, the use 
of which for the purpose of conveying 
men and materials on the track is una- 
voidable, the question of the movement 
of machines on_the tracks under their 
own power, such as track laying appa- 


_ratus, ballast motor rollers, etc., as weil 


as the use of tractors for hauling a few 
trucks, must be considered most care- 
fully. The idea of using the source of 
power which is available for the work 
the machine has to do, to move the ma- 
chine itself is interesting in itself; in the 
majority of cases, however, it will he 
necessary to do without this to suit the 
requirements of the operating depart- 
ment. 

Then care must also be given to seeing 
that the machine can be operated as 
far as possible upon the track on which 
it is working so that a neighbouring run- 
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ning track is not made use of even if only 
periodically, and therefore has to be 
closed. 

A further source of continual trouble is 
occasioned by the noises which cannot be 
avoided in tracklaying appliances with 
internal combustion engines and which 
already in many cases have been the 
cause of accidents and loss of life. All 
attempts effectively to damp these noises 
by suitable appliances have not led so 
far to any satisfactory result. Therefore 
for that class of work for which such 
power engines are used, special safety 
precautions have to be taken which con- 
sist chiefly in an increase of look-out 
men and the equipment of these with 
audible signals of great volume and 
characteristic tone. Naturally the eco- 
nomic advantage of the machines is 
somewhat influenced by this so that the 
question of replacing internal combus- 
tion engines by a different and silent 
driving power, i. e. electricity, must he 
followed up further. 


The fears that were at first raised that 
the workmen would sabotage the ma- 
chines, first from the generally existing 
objection of workmen to any novelty, and 
second, from the fear of dismissals, 
have fortunately not 
actual practice. The workmen, on the 
contrary, have recognised that the ma- 
chines make the work easier for them, 
and have therefore taken kindly to them. 

Summing up, it can be said that ma- 
chines, for laying as well as for the 
maintenance of the track, can be used in 
many instances with good economic 
results, and that they speed up the work. 
A primary condition for this is that they 


should be introduced in a correct and — 


regular manner, i. e. that according to 
the type of work and with regard to the 


materialised in 


traffic condition, as large a use as pos- 
sible should be found for the machines, 
and that in addition, considerable inter- 
vals of idlenass when going from one to 
another job should be avoided. 

For this purpose a programme is made 
up for the machines as early as possible 
and the observance of the programme 
supervised. Those machines and recent 
appliances which are used and the eco- 
nomic results which are obtained by 
them are shown below separately. 


2. — Operations where mechanical 
appliances can be used. 


The attempt to mechanise work on the 
tracks dates back to the time before the 
war; and it was tamping which, on ac- 
count of its heavy demand on man po- 
wer, brought up the idea of using mecha- 
nical tamping tools for the purpose. Tam- 
ping is responsible for about 70 %—80 % 
of the work which has to be carried out 
on track maintenance but it was only 
after the war that the idea of using track 
tamping machines and other mechanical 
auxiliaries for the construction and main- 
tenance of the tracks was taken up again 
with great energy and developed further, 
because the necessities of the time made 
it imperative to reduce expenditure as 
far as possible by making use of all 
mechanical appliances and thereby car- 
rying out the work more economically. 
The type and number of machines and 
recent appliances which are now being 
used, and the date of their introduction 
can be seen from Appendix I. We use 
these devices for the following purposes : 

a) Motor driven rollers for consolidat- 
ing the formation; 

b) Self discharging ballast wagons for 
the conveyance of ballasting materials 
from their source of manufacture to their 
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place of use. The ballasting materials 
can be discharged at the right place in 
the desired quantities; 

c) Rail loading appliances for loading 
up and unloading rails; 

d) Ballast rollers as under a) for com- 
pressing the ballast, as well as ballast 
boxes. for the formation of sleeper beds 
for steel sleepers. The consolidation of 
the ballast is, however still carried out 
by hand hy the use of simple tamping 
tools when the traffic does not allow the 
closing of a track for too great a distance, 
and further, when replacing crossings 
and for all small jobs for which the use 
of a ballast roller would not be econo- 
mical; 


e) Track laying apparatus for convey- 
ing and taking up complete sections of 
track and switch laying apparatus; 

f) Motor trolleys and single rail trolleys 
for the conveyance of materials along the 
track for small distances; 

g) Electric sleeper boring machines 
for boring wooden sleepers, which are 
connected to a portable electric power 
source. The majority of wooden sleepers 
are planed and bored, in more recent 
times, in the sleeper impregnation works 
before impregnation; 

h) Electric screwing machines which 
are connected to portable power sources 
for tightening up coachserews on the 
track. On the new German permanent 
way the soleplates are screwed by ma- 
chine on to the wooden sleepers in the 
sleeper impregnation works immediately 
after impregnation and the coachscrews 
only need to be tightened up on the track; 


i) Mechanical fishbolt spanners for 


tightening up fishbolts by hand. The 


remaining coachscrews are tightened up 
as mentioned in h) by screwing machines; 


k) The regulation cross section of bal- 
last is formed by hand with templates 
and the necessary ballasting materials 
are brought up in self-discharging wa- 
gons; 

!) Rail winches for lifting up the track 
to the right height, which is fixed by 
bench marks. The lining of the track is 
done in the same way according to such 
bench marks but by hand by aligning the 
track with lining bars; 


m) Track tamping machines; 


n) Spraying trains, with tanks, for 
killing weeds growing in the ballast ana 
across the whole breadth of the forma- 
tion. The cleaning of the ballast for the 
purpose of making it more elastic and 
better able to get rid of water is at the 
present still done by hand. For some 
time, however, attempts have been made 
to do this work by machinery also; con- 
clusive results, are not vet available; 


0) Electrically driven rail saws and rail 
drilling machines for cutting and drilling 
the rails; these are connected to portable 
electric power sources. As a rule, rails 
are not bent on the German Railways; 
therefore rail bending machines, of a 
very simple type, are found only to a 
small extent; 

p) As special means for the transport 
of materials, only the self-discharging 
ballast wagons mentioned under b) are 
used. For the transport of rails, slee- 
pers, rail fastenings, etc., ordinary wa- 
gons are used; 

q) Portable electric power units, which 
consist of a dynamo coupled to an inter- 
nal combustion engine, which are used 
as a power source for all kinds of elec- 
trically driven machines, such as coach- 


Fig. 1. — Motor roller rolling down freshly laid ballast. 


Explanation of German terms: Motorwalze = Motor roller, — Frischgeschiitteter Bettungskérper 
= Freshly laid ballast. 


screw tightening and loosening machines, 
rail and sleeper boring machines, rail 
sawing machines, ete. The power unit 
can also be used during night work for 
electrically illuminating the site; 


r) Heavy rail motor cars (motor line 
inspection trolleys) for the inspection of 
the track by the divisional permanent 
way superintendent of the railway and 
ordinary motor line inspection trolleys 
for the other inspectors. Some motor 
line inspection trollevs are so equipped 
that they can be used as power sources 
for electric lighting; 


s) Permanent way testing car for close 
inspection of the track. The line is regu- 
larly gone over with this car; by-means 
of certain ingeniously fitted apparatus it 
is possible graphically to indicate on a 
moving band the vertical and horizontal 
deflections of the rails under a moying 
load. 


3. — Description of the appliances. 


a) For rolling the formation and in 
particular in cases of freshly tipped 
earthwork, and for consolidating the 


formation, tandem or three-wheeled mo- 


tor rollers of various types are used. 
They have a weight in working order of 
5 to 6 tons, which can be inereased by 
means of an additional weight, by 1 ton. 
The motor is at least 12 H.P. Benzol or 
crude oil is used as fuel. The fuel con- 
tainer is of sufficient capacity for 9 hours 
work. Its speed is 2 1/2 and 6 km. 
(1.55 and 3.7 miles) per hour. The 
ereatest width of the roller amounts in 
the tandem to 1.10 m. (3 ft. 7 5/16 in.) 
and in the case of the three-wheeled roller 
to 1.75 m. (5 ft. 8 29/32 in.). Figure 1 
shows a tandem motor roller rolling a 
freshly tipped ballast formation. Figures 
2a and 2b show a roller transportation 
car for the transport of rollers to and 
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Fig. 2b. — Roller transportation wagon showing end (used as a ramp). 


from the site. Figures 3a and 3b show taken off by means of the ramp which 
a three-wheeled motor roller which: can can be seen in the picture, and are subse- 
run on the track to the site under its own quently fitted again. 

power. There, the flange wheels are When ballast and track have to be 
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Fig. 5b. — Three-whecled motor voller. —- flange wheels being refixed. 


es. 
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renewed at the same time, which is now 
the custom, the ballast must be effecti- 
vely consolidated before the permanent 
way is laid. By this means the newly 
laid track receives a firm foundation 
from the beginning, so that sinking of 
the permanent way, and other disadyan- 
tages which otherwise occur with freshly 
laid ballast, are avoided. 

After removal of the old ballast, the 
formation is levelled to the correct angle, 
by the use of templates and guiding pegs. 
The formation or bottom ballast is then 


so thoroughly rolled that~ no further 


appreciable sinking takes place. 

The ballasting material (broken stone) 
is rolled in two or three layers of 12 to 
16 cm. (4 3/4 to 6 5/16 inches) thickness 
each, according to the reguired depth of 
ballast. The broken stone must not be 
damaged during rolling. The elasticity 
necessary for the protection of the per- 
manent way has been found by expe- 
rience to be best maintained when the 
ballast is compressed by 20 %. 

») For the transport of ballasting mate- 
rials from their source of manufacture 
or origin to the site, and for their correct 
distribution on the spot, self-discharging 
ballast wagons are being used in increas- 
ing numbers. Their design and use can 
be seen from figures 4a-4c. The load of the 
wagons is 20 tons and their capacity is 
12.5 m* (16.3 cubic yards). The wagons 
are formed into permanent trains which 
continually travel from the loading to 
the discharging points at the smallest 
possible intervals. The use of single wa- 
gons is not economical. 

Besides these, tip wagons are used lor 
the transport of earth and spent ballast- 
ing materials, which can also be used for 
new ballast materials. Their design and 
use can be seen from figures 5a and 5b. 


c) The design and method of operation 
of rail loading apparatus, which is re- 
cently being generally introduced, can 
he seen from figures 6a and 6c. We 
attach much importance to the careful 
handling of the rails, and above all that 
they are not thrown off, thus avoiding 
short kinks in the rails which can never 
he removed. 

The appliance differs from -previous 
designs particularly in its low weight. 
It makes possible the loading and unload. 
ing of rails not only on the site of opera- 
tions, but also on the open track without 
interfering with operations on the neigh- 
bouring track. Rails of any desirad 
length and also,in particular,rails longer 
than standard can be unloaded with a 
comparatively small number of workmen. 
For rails of 30-m. (98 ft. 5 in.) length, 3 
or 4.such appliances are necessary, each 
of which is worked by two men. 

The appliance can be fitted on to the 
rail wagon by 4 workmen in a few mi- 
nutes. For relieving the strain on the 
supporting structure the crane standard 
is firmly anchored to the wagon by 
means of a special chain. The rails can 
be moved sideways to and fro as desired 
when being loaded or unloaded from the 
wagon by means of a travelling crab, so 
that hand work on the rail wagon is prac- 
tically nil. ; 

d) The permanent way for steel sleepers 
is laid with the help of ballast boxes, as 
a matter of principle. These serve the 
purpose of so arranging the ballast mould 
for each steel sleeper that when the latter 
is laid on, its hollow part is completely 
filled and that the sleeper in addition 
lies correctly both vertically and horizon- 
tally and so that only a small amount of 
tamping and other work is necessary. 
This naturally makes it essential that 
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Fig. 4b. — Seli-discharging ballast wagons. — Upper shoot opened. 


the preliminary work for the usé of the 
ballast boxes is carried out very accu- 
rately. 

As carriers for the ballast boxes and 
for the purpose of fixing their exact posi- 


tion, the new rails to be laid are used in 
the first place as guiding rails. These 
rails are placed on each side of the track 
to be laid, on jacks which can be moved 
vertically and horizontally and which 


1089 


1V—209 


Fig. 5u. — Loaded tipping wagons. 
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- Fig. 5b. — Tipping wagon in the tipped position. 


are exactly adjusted for vertical. and 
horizontal positions as shown in figures 
7a and 7b. Then the ballast boxes are pla- 
ced on the final position for the sleeper 
which is indicated on the guiding rails 
by paint marks, and are then filled with 
ballast which is firmly tamped length, 
ways by hand, as shown in figures 7¢ 
and 7d. 

Ballast boxes are also used in a similar 
manner for the laying of switch and 
crossing work on steel sleepers. Figure 8 
shows such a process of switches and 
crossings. 

e) For track renewals there is available 
a number of track laying apparatus of 
different types, of which the method of 
operation, taken generally, is the same 
and with which complete sections of rails 
can be taken up and loaded on to wagons 
and vice versa. 

The simplest type of such a track lay- 
ing device, and the one originally intro- 


duced is a slewing crane made by the 
firm Mohr and Federhaff of Mannheim. 
The design and method of operation of 
this can be seen from figures 9a and 9b. 
In this case the section of rail is held im 
several places by means of a frame in 
order to prevent bending. The same 
crane is used also for unloading the rails. 
The disadvantage of this slewing crane 
lies in the fact that a neighbouring track 
must also be in use and therefore is 
closed during relaying operations. In 
this manner therefore the first prin- 
ciple given at the commencement of this 
report is contravened, namely that when 
a machine is used both the tracks of a 
double track must not be closed for 
traffic. Apart from that, there is a liabi- 
lity of the crane in slewing to foul the 
loading gauge; for this reason, only three 
cranes of this type have been procured. 
Appendix 2 shows diagrammatically the 
possibilities of the use of this crane. 


Fig. 6a, — Rail unloading device. 
Fixing the jib. 


Ifig. 6b. —- Rail unloading device. 
Fixing the crane standard on to the wagon. 
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Fig 6c. — Rail unloading device in operation. 
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Fig. 8. — Use of ballast boxes when laying switches. 


In order to overcome the above men- 
tioned disadvantages the Reichsbahn has 
proceeded to introduce other track laying 
devices which make the use of the ad- 
joining track unnecessary and only use 
the track on which work has to be done. 
They also offer the certainty of keeping 
within gauge except on very sharp curves. 
These are the track laying wagons of the 
Hoch and Niemag types which are shown 
in figures 10a-10b and 11a to 11c, the 
methods of working and diagrams of 
which are set out in Appendix 3. 

These wagons consist of the under- 
frame, upper carriage or superstructure, 
the trolley way and the driving appara- 
tus. 

The underframe consists of standard 
wagons with two or three axles on which 
the gantries are built which carry the 
trolley way. 

In the Hoch track laying wagon, the 
trolley way projects in the working po- 
sition at one end so far over the 
upper structure that the section of rail 
can be picked up by both ends by means 


of rail grabs which kang on two pulley 
blocks. The wagon can therefore only 
be used at one end. A part of the run- 
way can be folded back and is supported 
by a movable frame. When travelling 
the runway is folded back and the frame 
is drawn back to the upper structure and 
fastened to it. 

The Niemag track laying wagon is 
symmetrical in design so that it can be 
used at both ends. The runway can be 
moved at both ends over the upper struc- 
ture so that the section of rail can be 
gripped in the middle by means of a so 
called track section grab similar to the 
one used on the slewing crane built by 
Mohr and Federhaff. By this means also 
the lifting of the section of rail from the 
track and loading on the wagon is con- 
siderably simplified and facilitated. 

For lifting and moving the load on the 
Hoch track layer an electric drive is used 
which is driven by a petrol-electric unit 
slung under the wagon. With the Nie- 
mag machine. a horizontal single cylin- 
der Diesel motor without compressor, 
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— Unloading rails with the slewing crane. 
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Fig. 10a. — Hoch tracklayer at work. 
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Fig. 10b. — Hoch tracklayer. — Taking a section of track from the wagon. 
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Fig. lla. — Niemag tracklayer at work. 


Fig. 11b. — Niemag tracklayer. — Taking a section of track from the wagon. 
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Fig 11c. — Niemag tracklayer. — Laying down a section of track. 


using gas oil is employed. The capacity 
in the former case 16 H. P. and in the 
later 28 to 30 H. P. The Niemag wagon 
can travel under its own power at speeds 
up to 9 km. (5.6 miles) per hour, and in 
addition, on straight level tracks can 
haul two trucks loaded with sections of 
rails. 

Track laying cars are provided with 
specially equipped S. S. wagons which 
serve for receiving the new and old sec- 
tions, and the number of which is calcu- 
lated according to the extent. of the work 
to be carried out. Devices are available 
which pull by machinery all the sections 
of rail loaded on to the wagon into the 
operating radius of the track layer and 
which conversely distribute sections lifted 
by the track layer into the wagons. 
Eeach wagon can be loaded with five 
sections of wooden sleepers and six sec- 
tions of steel sleepers. 


Tn all three methods the sections of track: 


are assembled at special sites at a station 


in the vicinity of the site of operations. 
They are loaded on to wagons and taken 
to the site. In a similar manner the old 
sections which have been loaded on to 
wagons are discharged at a suitable 
point in a neighbouring station or at the 
permanent way stores and are dismant- 
led. This is done either with one track 
layer with which the old track is taken 
up and then the new track is sub- 
sequently laid, or better with two track 
layers of which one is used for the ‘old 
track and the other for the new. 

In addition to this process there has 
been tested since the year 1925 a so-called 
Neddermeyer track renewing method 
which should not remain unmentioned, 
on account of its simplicity and adapta- 
bility. The principle of this method is to 
raise and lay sections of track by means 
of two easily movahle cranes on frames 
which run on light crane rails arranged 
along the track outside the sleepers. The 
frame of each crane is built to take a load 
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of 2.5 tons and has two independent lLift- 
ing gears which are worked manually by 
windlass chains. The cranes take the 
form of sturdy frames: the load is taken 
vertically on the running rails. The po: 
sibility of the wheels slipping off the two 
rails is prevented by the provision of a 
double flange. The cranes are 2.80 m. 
(9 ft. 2 1/4 in.) high inside and have an 
inside width: of 3.10 m. (10 ft. 2 in.). Of 
the two crane frames, the one on the side 
of the neighbouring track is bent at right 
angles so that in a double track line the 
necessary minimum measurement of 2m. 
(6 it. 6 3/4 in.) from the middle of the 
neighbouring track is ensured. The erec- 
tion of the heavy crane frame which 
weighs about 1 ton is effected by means 
of a simple lifting gear which is fastened 
to the revolving platform of a lightly 
built wagon. 


For the transport of sections of track 
small specially strongly constructed bogie 
wagons with a load capacity of 10 tons 
are used. For hauling the sections of 
track to the site a motor trolley of 45 H.P. 
is used. Details can be seen from figures 
12a to 12d and the method of operation is 
diagrammatically shown on Appendix 4. 

As in the case of the track laying de- 
vices already described, the track sections 
in this instance also are assembled or 
dismantled at special working sites in 
the neighbourhood. They are, howener, 
conveyed on the last described special 
small wagon to and from the sites by the 
motor trolley. The advantage of this 


method lies in the fact that track sections 


up to a length of 60 m. (197 feet) can be 
laid even in curves without fouling the 
loading gauge, and that this method can 
also be used in tunnels and on bridges 
without any particular technical diffi- 
culty. 


For facilitating the removal and laying 
of completely assembled switches and 
crossings a device has recently been expe- 
rimented with, the type and method of 


operation of which is shown in figures | 
It consists of a framework 


13a and 13b. 
which is movable on rollers and from it 
the switch is suspended. As a matter of 
fact the renewing of switches and cross- 
ings oceasions considerable difficulty at 
large stations on account of the, in most 
cases, short intervals and unfavourable 
positions available for the purpose. 


Means must therefore be provided of ‘ 


transporting complete lay-outs, only di- 
vided into 2 or 3 main parts, from the 
place of assembly to the site and vice 
versa. All the same, experience has 
shown that the switch laying devices 
described do not completely fulfil these 
demands. There will therefore be used 
in the future so-called portable switch 
laying cranes which are already under 
construction, At the moment nothing 
material can be said of their design, 


f) The Reichsbahn has been testing 
motor trolleys for about two years. The 
small wagons with electric motors and 
accumulators have proved themselves 
satisfactory especially on account of their 
simple method of eperation under certain 
conditions... All the same their small 
operating radius and the fact that the 
charging of the accumulator is dependent 
cn the charging station, and their high 
tare weight, which make their running 
on the open track impossible, have led 
quite recently to tests being carried out 
with small trolleys with internal combus- 
tion engine. These tests have given fa- 
vouralile resitlts. These trolleys reach, 
with a load of 3 to 5 tons on the level. 
a speed of 15 to 30 km. (9.3 to 18.6 miles; 
per hour. Figures 14a to 14e show a 


Fig. 12a. — Relaying track by the Neddermeyer method. — Laying a 65 ft.-7 1/2 in. 
section of track using three cranes. 


Vig. 12b. -— Relaying track hy the Neddermeyer method. 
Laying a 49 ft.-2 1/2 in. section using two cranes. 
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Fig. 12c. — Relaying track by the Neddermeyer method. 
Tractor for hauling sections of track on special low wagons. 


Fig. 121. — Relaying track by the Neddermeyer method. 
Arrangement for removing the portal crane. 
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Fig. 13a. — Switch laying apparatus (side view). 


Fig. 13). — Switch laying apparatus (front view). 


Eigenge set $6; 
Reza sieht 1000 Kg 


Fig. 14a. — Standard gauge motor driven trolley with internal combustion motor. 
View with sides fitted on. 


Fig. 14c. — Standard gauge motor driven trolley. 
Arrangement of the motor under the platform. 
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petrol-engined trolley of such a kind. 
The seat, gear lever and brake are re- 
movable and can be reversed according 
to the direction of travel. 


For the transport of smaller quantities 
o? material to the site of operation and 
within comparatively short distances 
along the irack, single rai! trolleys of the 
type shown in figures 15a and 15b are 
im use, and these have proved their worth 
because one man by himself can comfor- 
tably put the trolley on and off as well 
as move it. 


Recently a device has been used expe- 
rimentally for the removal of old ballast- 
ing materials taken from the track, which 
consists of an easily fixed single rail 
placed alongside the track, and which 
makes it possible by means of easily mo- 
vable tubs which are hung on it, to load 
the old ballasting materials into wagons 
standing ready. For this purpose a tipp- 
ing platform is erected on to which the 
tubs are drawn and where they can be 
emptied by opening flaps in the bottom. 
Figure 16a shows this single rail wagon 
with the tubs in operation. Figure 16) 
shows a tub running on the single rail, 
and figure 16¢ the tipping platform. 
Whether and where this arrangement 
ean be used with economic success still 
remains to be proved. The idea in itself 
seems not to be without merit. 


g) For power for all kinds of mecha- 
rical appliances, portable generating 
sets are used for permanent way work. 
These generating sets consist of internal 
combustion engines and direct. current 


dynamos. Both are flexibly coupled 
and erected on a common founda- 
tion plate. The motor is a two cylinder 


4-stroke with a capacity of 7 1/2 to 8 H. P. 
at 1500 revs. per minute; the electric 
~ current generator is a single-pole, direct 


current, shunt-wound motor with a capa- 
city of 2.2 to 4.5 kw. depending on the 
design. A generating set of this nature 
is shown in figure 17. 

With these generating sets electric 
hand tools are connected up for perform- 
ing work of the most varied nature, e. g. 
boring machines for boring wooden 
sleepers; figure 18 shows such a boring 
machine in operation. 

The electrical part of the boring ma- 
chine consists of a 2-pole series motor 
with which the flexible lead is joined hy 
a 2-point plug contact. Three-strand 
eable is used for the lead. To protect 
the cable a portable cable drum is ayail- 
able for each length. 

In addition machines for tightening 
and loosening coachscrews, sleeper fas- 
tening screws and fishbolts are connected 
up with these generating sets. These 
consists, as in the case of the previously 
mentioned sleeper boring machines as 
regards their electrical part, of a 2-pole 
shunt-wound motor with compound 
winding. The box spanners are made 
square and right angled to take the 
various shapes of head of the coach- 
screws and to take the various sleeper 
fastenings or fishing nuts. The special 
nature of the operation of tightening 
coachserews as well as sleeper fastening 
nuts and fishing nuts renders it neces- 
sary to stop the screw turning machine 
when the coachscrews or nuts are 
turned absolutely tight. In order that 
the machine, at the moment when the 
coachscrew head or the nut tightens up 
solid, shall not be wrenched out of the 
hands of the operator and possibly injure - 
him, protection has heen given by a 
device — automatic circuit breaker or 
multi-plate clutch — so that the machine 
will be cut out on meeting a certain 
resistance. The method of leading the 
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Fig. 15a. — Single rail trolley in use. 


current to the machine is the same as in 
the sleeper boring machine. Figures 19a 
and 19b show electric hand tools connect- 


Fig. 15). — Single rail trolley being tipped. 


ed up to a generating set and used for 
various purposes. P 
The design of the mechanical fishbolt 


spanner can be seen from figures 20a 


and 20b. 


h) For tamping the track, tamping ma- 
chines are used to a considerable extent, 
and the type of these is shown in figure 
21. The tamping machines of the 1929 
model consist mainly of three parts : the 
machine unit, the tamping tools and the 
connecting pipes. The machine rests on 
a sledge which is laid on the tops of the 
sleepers outside the rails, and is drawn 
along by the workmen by means of chains 
fitted on the tamping machine. By de- 
signing it to lie on the tops of the slee- 
pers, the machine-therefore remains out- 
side the loading gauge. so that it can 
remain where it is and run idle while a 
train passes. Only the tamping tools 
have to be laid down. 

The method of operation of the track 
tamping machine can be seen from fi- 
gures 22a to 22c. The parts which are 
connected together are indicated on the 
drawings. A valveless 2-stroke internal 
combustion engine controls, by means of 


rs 


Fig. 16h. — Hanging trolley. 
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Fig. 16c. — Tipping 


platform of single track railway. 
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SS Ee 
(o) 2), 
: pe 


Fig. 17. — Portable generating set. 
(Internal combustion engine coupled to direct current dynamo.) 


Eeplanation of German terms: Grundplatte = Baseplate. — Wabenkiihler = Radiator. 


Fig. 18. — Sleeper boring machine in operation. 


Fig. 19). — The same tools at work at the depot. 


PHRF REUNIS RE. 


Vig. 20a. — Mechanical fishbolt nut 
spanner. —- Turning the nuts. 


an air pump, a supply of. air which 
operates on the piston in the tamping 
tool through air pipes and moves the 
piston to and fro at a great speed. 


The tamping tool is the real working 
tool in track maintenance. The piston 
is free to move to and fro in its cylinder. 
The actual tamping tool is inserted in a 
shalt which projects from the lower end 
of the cylinder. The packing tool can be 
changed according to the type of ballast, 
for instance for stone chips a small tool 
is used and for gravel a larger one. Two 
metal protected rubber pipes connect the 
cylinder of the tamping tool to the eylin- 
der’ of the air pump. The grips are 
placed with their handles so fitted on 
the tamping tool that the direction of 
tamping with a machine is roughly the 
same as by hand tamping, and so that 
the workman is but little fatigued by 
euiding the tool. 


Fig. 20b. — Mechanical fishbolt nut 
spanner. — Tightening up the nuts. 


All sleepers are only packed from one 
side, i. e. in double and multi-track lines, 
against the direction of travel. Only 
sleepers coupled together under rail joints 
or wide sleepers are tamped on hoth 
sides. The speed of the tamping tool is 
most effective when the crankshaft of the 
motor revolves at 1400 to 1550 revs. per 
minute. This speed must be kept as 
exact as possible and can be attained by 
fitting a governor. 

This use of machine tamping tools is 
only economical when they can run con- 
tinuously for the duration of the work 
without much interruption. The ma- 
chines must not be used in loose ballast 
and also not in firm concrete-like hard 
ballast.. For the first time tracks are 
tamped, when they still lie in loose hal- 
last, the machines are less suitable. On 
the other hand, they perform good work 
for subsequent tamping and for the syste- 
matic maintenance of the track. 
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Stroke of piston in tamping tool and compression 
stroke in engine. 


vorn 
Lufteintritt hinten 


Brennstoffleitung 


Kurbelgehause 


Fig. 22a. 


Back movement of tamping tool piston, passing of 
eases to the top of cylinder and exhaust of engine. 


Vergaser 


Fig. 22b. 


Tool running idle. and combustion stroke in engine. 


Uberstromkanal 


Auslafschlitz 


Fig. 22c. 


Fig. 22. — Diagram of operations of tamping machine. 


Explanation of German terms in figs. 22 a, b, c: Auslass-Schlitz = Exhaust port. — Auspufftopf = Silencer. — Brennstoffleitan 
= Fuel pipe. Hinten Back. Kompressionsgehiuse = Compression chamber. — Kurbelgehiuse = Crankshaft housing 
— Lafteintritt = Air inlet, — Luftpumpe = Air pump. — Motor = Motor. — Schlagkolben = Piston. — Stopfer = Tampe) 
— Stopfwerkzeug = Tamping tool. — Stopferzylinder = Cylinder. — Vergaser = Carburettor, — Vorn = Front. — Uberstroén 
kanal = Transfer port. — Windfliigel = Air fan. : 
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On account of the considerable noise 
made by these machines as well as other 
machines driven by power, special safety 
precautions are necessary. During bad 
visibility and foggy weather, working 
with tamping tools near running tracks 
is forbidden. 

Figure 23 shows a tamping machine 
at. work. > 


k) For removing weeds from the ballast, _ 


and formation by chemicals, sodium 
chlorate in about 2 % solution has been 
recently uséd. For this purpose special 
spraying trains with tanks made out of 
old engine tenders are formed. The ten- 
ders are cornected together and also to 
the tender carrying the spraying arran- 
‘gement (see fig. 24). The tracks ure 
systematically covered by this spraying 
train. , 

1) Rail saws are used for cutting rails 
on the site, these being usually electric- 
ally driven, the driving motor being the 
electric screwing machine with the box 
spanner taken off (see fig. 25). These rail 
‘saws can also be worked by hand. 

m) For drilling the rails, rail drilling 
machines are used (see fig. 26). The holes 
can, however, also be drilled by using a 
screwing machine held in a _ simple 
cradle. 


n) For inspecting the line, rail motor 
‘cars and motor line inspection trolleys 
fare available for the inspection staff. 
Figure 27 shows a 6-seater rail motor car, 
-of which each division of the Reichsbahn 
has one, and which is intended for the 
use of the divisional permanent way 


' inspector and for the local district in- 


‘spectors whe accompany him; it is 
generally speaking designed like a road 
automobile. The car is equipped With 
an arrangement which in the sim- 
plest manner makes it possible in a short 
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tion trolley for district officers: 


time to turn, and in case of necessity to 
cross over to another line. Its maxi- 
mum speed amounts to 50 km. (31 miles) 
per hour. 

District officers and gang inspectors’ 
sections with long maintenance districts 
are provided with motor line inspection 
trolleys, in order to make it possible for 
them more frequently to supervise the 
state of the track and the work in pro- 
gress on tracks where there is little traf- 
fic. Figure 28 shows a motor line inspec- 
There is 
room for two persons besides the driver, 
and in addition a trailer can be attached 
which will take another three persons. 

Recently 2-seater motor line inspection 
trolleys have been allotted for the use of 
the chief inspector of gangs,.of the type 
shown in figure 29, which are driven by 
an air-cooled internal combustion engine 
of 4-H. P. The two seats are arranged 
side by side : a leather apron is provided 
as a protection against the weather. The 
trolley is designed of such a weight that, 
baving a capacity to give a maximum 
speed of 20 km. (18.6 miles) per hour, it 
can be removed from the rails, if neces- 
sity arises, by one man alone. The trol- 
ley is equipped with double brakes and 
affords room for carrving, amongst other 
things, tools or small hand appliances. 
For travelling at night it is equipped 
with a brillant light and dimming de- 
vice. 

For-continuous and exact observation 


‘and measurement of the track with re- 


gard to its condition from the point of 
view of safety, the Reichsbahn has 
recently put into operation, for its 78 000 
km. (48 468 miles) of open main lines, a. 
permanent. way testing car fitted with 
recording instruments which makes it 
possible to carry out measurements 
under a moving load. Great importance 
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' Gleisstoptmaschinen. 


(Bauart: Keupp } 


2h ae 
meee: 


Fig. 23. — Krupp tamping machine at work. 


Fig. 24. — Tank wagon train 


for destruction of weeds. 
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Fig. 25. — Electrically driven rail saw. 


is attached to this, since the track under 
load shows a different y.icture from one 
without load. Figure 30 shows the in- 
terior or the testing car. 

By means of the apparatus contained 
in the 60-ton car, the track is tested at 
a speed of 60 km. (37.3 miles) per hour 
for the following : 


1. Deflection at the rail joints and of 
the rails. 


2. Gauge. 
3. Relative height of the rails. 


4. Alignment of the track, particulary 
on curves. 


In addition the speed and distance are 
registered. All registrations are taken 
on a recording band driven by the 
measuring axle. The band travels 151 
mm. per km. (9 1/2 inches per mile). 

Under (1) are measured the vertical 
movements of the centre axle of the 
6-wheeled measuring bogie relative to 


the line joining the two outer axles which 
is taken as the directrix. The vertical 
movements of the centre axle are trans- 
mitted mechanically on to the measuring 
table and drawn on the recording band 
by a recording pen. 

The measurements taken for (2) are 
made by means of two sliding contact 
bows which slide along the running rail 
at a height of 14 mm. (9/16 inch) below 
top of rail level. The movements of the 
two sliding bows are transmitted by 
wires, etc., and so combined that the 
resulting movement registers the varia- 
tion in the gauge in the proportion of 
Th 22: 

For ascertaining the relative heights 
of the running rails (3) a gyroscopic 
wheel suspended as a pendulum with a 
vertical axis (see fig. 30b) is used. The 
wheel is driven by alternating current, 
and is so arranged that it is not in- 
fluenced by the movements of the car 


Fig. 27. -- Six-seater rail motor car. 


Fig. 28. — Motor-driven trolley with trailer for inspection staff. 


Fig. 29. — 2-seater motor-driven trolley for the permanent way inspector. 
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Fig. 30a. — Interior view of the permanent way testing car. 


he 


itself. Each variation in the angle 
between the measuring axle and the axis 
of the revolving wheel is registered on 
the recording band by electricity in the 
proportion of 1: 5. 


For ascertaining the alignment of the 
track (4), each movement of the car 
round its vertical axis is measured and 
registered by a double gyroscopic com- 
pass (see fig. 380c). Each curve which has 
a constant radius is shown by an in- 
clined line which is, however, jin itself 
straight. The specimens of the record- 
ing hands shown in Appendices 5-6 show 
generally the picture obtained by the car 
of a good and bad track. The most im- 
portant. lines are covered hy this car if 


at all possible twice a year, and the less 
important, once. 


4, —. Cost of the appliances. 


The costs of the most important are 
approximately as follows : 


ot Reichsmarks. 


1 ballast roller . 11.000 


1 self-discharging ballast-wa- 


gon with brakes . 7 000 
1 self discharging ballast wa- 

gon without brakes. =a 400)” 
1 rail loading device for each ‘ 

erane . pat RO UP ag 325 
1 ballast box for sleepers 

other than joint sleepers. 31 


7 


_ 
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Fig. 30b. — Permanent way testing car. 
Gyroscope for ascertaining the respective heights of the running rails. 


1 ballast box for broad slee- 1 track layer: 
EPS Lt 50 Mohr & Federhaff type . 38 000 
1 trolley with picter acter de Hochttypass io. 33 000 
ing to type . . . . . . 8 000-8 500 Niemag type Z ‘ P , ‘ 33 000 
1 single rail trolley... . 90 


Track laying apparatus 
of the Neddermeyer Co. 
has not yet been purchased. 


4 portable electric generating 
set with three driving mo- 
tors and lighting stan- 


dards according to capa- 1 set of rollers, 6 units, for a 

A . 5000-6 600 simple set of switches. . 420 
1 track winch with a capacity 1 set of rollers, 8 units, for 

of5tons. .. 70 switches and crossings . 560 
1 track winch with a capacity 1 rail motor car. . . 15 000 

Gr tOrtONS! Gl) wt 80 1 motor line inspection for 
1tamping machine... .« 3 300 ley a ss hale 2 400 
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The above are average prices which, 
according to the requirements as to 
equipment and capacity, can be more or 
less. 


5. — The economies of the appliances. 


The economies obtainable from work 
done by machinery are very largely 
dependent on the machines being em- 
ployed to their full capacity. As the 
machines can only be used during fa- 
vourable seasons, which means in Ger- 


many on the average at the most nine 
months, the maximum employment of 
the machines, after deduction of the 
time taken up by holidays and main- 
tenance, is obtained with about 200 work- 
ing days per annum. 

The economic advantages which may 
generally result can be seen from the 
following comparisons of certain work, 
i. e. time and men required with machine 
and manual labour, other conditions 
remaining the same. 


With machinery = Mannal Ishour 
Pa - - exclusively. 
Ballasi consolidated per day. 2 22. jam: 7 m. of track.. 
Discharging 12 1/2 m° ae 3 cubic vaca of ballast A 10 300 minutes. 
Loading 15m. (49 ft.-2 1/2 in.) rail by means of rail 
loading device . ° 6 22 men. 
Laying steel sleepers anil malercail for 1 on (0.62 
mile) of track using ballast boxes - 400 600 man-days. 
Laying a two-way switch using rollers = 15 60 men. 


The advantages which are gained from 
the power driven machines most in use 
are given as follows : 


a) Portable generating sets. 


The costs for a given job using portable 
electric generating sets, based on recent 
figures are made up as follows : 


Buel. -\. 0-4 Saw & 6.9 % 
Lubricating oil . 16% 
Wages 62.1% 
Wages for oats 40% 
Replacement sa 6.0 % 
Interest and amortisation . 19.4% 

100.0 % 


These figures will naturally vary ac- 
cording to the purpose for which the 
generating sets are chiefly used. They 
are at present used in connection with 
maintenance work, for boring wooden 


Sleepers, for screwing and unscrewing 
coachscrews, for serewing up and loosen- 
ings nuts, for dowelling wooden sleepers, 
for boring longitudinal timbers for 
bridges, for cleaning up the threads of 
bolis, for rail sawing, for rail drilling 
and ior illuminating the site. 

Without the generating set, and ex- 
cluding the lighting, 157 % of the actual 
cost would have to be expended to do ihe 
same work. The saving as against ma- 
nual work amounts in all including all 
costs to 36 %. 

The portable electric generating set in 
conjunction with one elecirie tool works 
after its 33rd working day, no more 
expensively than if the work had been 
done exclusively by hand. In this way 
the costs become reduced when the set is 
fully employed during the year to about 
half the costs of manual work. If three 
electric hand tools are continually used 
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Fig. 30c. — Permanent way testing car. 
Double gyroscopic compass for indicating the alignment of the track. 


im conjunction with the generating set, 
the equalisation of the costs between 
machine and manual work is already 
obtained after the ninth working day. 
With the full employment of the set dur- 
ing the whole year, the costs are reduced 
to about one quarter of those for manual 
work. 


b) Machine tamping tools. 
The costs for operating machine tamp- 
ing tools are made up fairly constantly 
as follows : 
Wages 
’ Fuel 


60.5 % 
14.6 % 


Lubricating oil . 2.4% 
Wages on upkeep . 2.6% 
Replacements. . — 2% 
Interest and amortisation . A % 

100.0 % 


Other things being equal, tamping by 
hand costs 1382 % for the same work, and 
the saving ‘as against manual work 
amounts to 24 %. 

Machine tamping tools pay for them- 
selves after 30 man-days. The costs of 
machine and hand work are then the 
same. If the costs of tamping of one 
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metre of track are taken at 1.35 Rm. 
which corresponds to an average capa- 
city of about 5.50 m. (18 feet) tamping 
work per man and per day, machine 
work will cost, based on 30 man-days the 
same; based on 107 man-days, as was 
attained in 1928, 1.11 Rm. and based on 
approximately 180 man-days, that is to 


say with the fullest possible employment 


of the machine and with an average 
day’s capacity, 0.99 Rm. In this manner 
the saving can be increased up to 30 %. 
The average daily capacity of a machine 
tamping tool is about 55 m. (180 1/2 feet). 


c) Track laying apparatus: 


4. — Mohr and Federhaff type. 


The costs for track laying work using 


this appliance taking into consideration 


the amounts written off up to date, may 
be shown as follows : 


Wages and other fees 64.0 % 
Fuel oe 14196 
Lubricating oil . 0.2 % 
Upkeep of crane . 3.8°% 
Use of locomotives . 19.4% 
Interest and amortisation . 11.2 % 

100.0 % 


The costs when using the crane amount - 


to 0.60 Rm. for 1 metre of track for taking 
up and dismantling the section of track 
and for the assembly and laying 0.95 Rm.; 
here it must be pointed out that all other 
work is done by the contractor and is 
therefore not included. With manual 
labour exclusively the costs would 
amount to 1.20 and 1.30 Rm. respectively, 
so that the saving amounts on the aver- 
age to 38 %. 

An important factor in the economy 
obtainable with this crane is that it can 


not only be used for track laying, but 
also for transportation of materials in 
the stores and on the line. It can there- 
fore be used to better advantage than the 
cranes described later. 


9. — Hoch type. 


When this type is used the costs of 
track laying are approximately as fol- 
lows : 


Wages and other fees 73.0.% 
Fuel rae 1.4% 
Lubricating oil . 0.3 % 
Upkeep of crane 10% 
Use of locomotives . 12.0 % 
Interest and amortisation . HIS 
* Special permanent way machines 

used 3.8 % 
100.0 % 


The costs when using this crane have 
amounted to 0.80 Rm. for taking up and 
3.00 Rm. for laying the track including 
all work. With manual labour exclu- 
sively these would have amounted to 
1.10 and 3.40 Rm. respectively. The total 
saving amounts therefore to 16 %. 


This result is of course capable of beimg 
improved with stricter organisation, and 
when the men have become familiar with 
their work, and also especially when 
fairly long intervals are available be- 
tween trains. 


3. — Niemag type. 


The costs for track laying are made up 
as follows : 


Wages and other fees 79.0% * 
Fuel Beet 1.5% 
Lubricating oil . 0.3% - 
Upkeep of crane. 1.8% 
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Use of locomotives . 9.0 % 


Interest and amortisation . eats 
Special permanent way machines 0.9 % 
100.0 % 


The costs of taking up and laying track 
amount to 3.25 Rm. per metre of track 
when using this appliance. As against 
exclusive manual labour which costs 
4.50 Rm. per metre, a saving of about 
28 % has been attained. This result has 
been obtained by means of good organi- 
sation, by the workmen having become 
familiar with the job, as a result of long 
intervals for work up to 8 hours, and 
because of the favourable positions of 
stores. From a comparison 
various items it can be at once seen how 
much the economies obtainable 
influenced by these factors. 


are 


4, — Neddermeyer type. 


Carrying out track laying work with 
this appliance which was loaned to us, 
has given the following costs : 


Wages 94.0 % 
Fuel : OiSEG 
Lubricating oil . 0.1 % 
Upkeep of apparatus . (Oilers 
Use of locomotives . : 2.9 % 
Interest and amortisation . PA 

Special permanent way machines 
used 0.1 % 
100.0 % 


Costs for the complete renewal of track 
using this machine amounted to 3.35Rm., 
whereas using manual labour exclusi- 
vely it would have cost 4.50 Rm. The 
saving therefore amounts to about 26 %. 
The economic results given by the ma- 
ehine are naturally considerably influen- 


of the - 


ced by local and operating conditions. 
If the machine is used on sharp curves 
or on lines having dense traffic where 
only small intervals are available be- 
tween trains, its economic advantage is 
considerably decreased. A further impor- 
tant factor is the condition of the track 
to be renewed which according to its 
state requires a greater or smaller 
amount of attention. It is therefore dif- 
ficult to lay down a definite rule for the 
number of hands required. On the con- 
trary it must be ascertained from expe- 
rience of various cases what number is 
required so that not only the appliance 
but also the other working factors can 
be used to best advantage, and so that a 
good economic result can be obtained. 
That is a question of organisation and 
arrangement, the complete solution of 
which depends considerably on the exe- 
cutive. 

It is useful to make up a programme of 
work for using a track laying appliance : 


a) Fixing the places where work is to 
be carried out; 

b) Arranging the staff; 

c) Connecting up the track work with 
ballasting and sundry work; 

d) Fixing the order of the work; 

e) Fixing the intervals between trains 
in conjunction with the operating depart- 
ment whereby care has to be given to 
taking full advantage of the intervals 
and to the speedy arrival of the service 
train at the site; 

f) Punectual arrangements for the ne- 
cessary materials. 


A programme of work made up on such 
lines renders possible a systematic and 
economic carrying out of the work; for 
the superiority of machine work over 
manual work depends, as should at this 
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point again be mentioned, to a large 
extent on the exact division of the work 
and the strictly limited expenditure of 
labour. An engineer is necessary for the 
purpose of ensuring its correct operation 
and condition, and it is his duty to take 
care that the machine is always in pro- 
per running order. For the portable 
generating sets also, an engineer is 
necessary who can, however, be used on 
other work. The driver of the ballast 
rollers and the motor attendant of the 
track laying appliances have to keep 
their generating sets in order during 
operations. More important renewals 
and repairs on all machines are carried 
out in the repair shops and all machines 
are overhauled in the latter during the 
winter. : 

The use of mechanical auyiliaries of 
any kind is only advantageous and eco- 
nomical when long stretches of track 
have to be renewed and maintained, that 
is to say, when the site is seldom chan- 
ged. We have already takea this into 
account in that we renew as long con- 
nected lenghst of track as possible and 
in addition carry out the work systema- 
tically. 

The average daily capacity of a tamp- 
ing machine amounts to about 55 m. 
(180 1/2 feet), or in the case of a set — 
4 machines — 220 m. (722 feet). The 
smallest length of track for which it pays 
to use a set of machines would he about 
a week’s capacity i. e. about 1300 m. = 
4 264 feet. 


The track layers can take up and relay 
up to 180 m. (590 feet) of track per hour. 
These machines cannot be economically 
employed during periods of less than 
3 hours, because it takes too much time 
to bring the service trains up to the site 
and back. They can only therefore be 


used with economic success in cases 
where there are 3 km. (1.86 miles) of 
track to relay and where a continuous. 
period of 3 hours per day at least is. 
available. This is also the case with 
ballast rollers. For all the other ma- 
chines it is difficult to specify a length of 
track, since their economic employment. 
depends rather on the extent of the work 
to be done. Even if the machines to he 
introduced have to bring in the first. 
place economic advantage, nevertheless 
in certain circumstances they have to be 
used where other factors must be taken: 
into consideration, as for instance: 


For speeding up the work in short 
intervals on tracks having dense traffic, 
in order to reduce as far as possible un- 
avoidable delays to traffic, and in those 
cases where machine work is better tham 
manual work, that is to say, where it. 
offers technical advantages. 

In this respect machine tamping is 
superior to tamping by hand, as it is. 
done more regularly and with always: 
the same power, so that a regular firm 
sleeper foundation is obtained, whereas. 
with hand tamping, according to the 
force used and the extent of fatigue of 
each individual workman, the sleepers. 
are firmly or less firmly tamped, which 
very soon makes itself noticed by giving 
an uneven track. 

The advantages of rail motor cars and 
motor line inspection trolleys lie in 
another direction. They render possibie 
a frequent inspection hy the proper offi- 
cials of the operations on the track, and 
therefore indirectly help the work. 


6. — Power sources for the appliances. 


The majority of power driven machine 
auxiliaries have their own source of 
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power, 7. e. an 
engine as already described in detail. 
Sometimes a dynamo is coupled to this 
motor for generating electric current 
which can also be used for lighting pur- 
poses. As a source of power for the 
electric hand tools the portable electric 
generating set already described is used. 
At stations and working sites, electric 
current is taken from the mains. 


In the cases of those machines having 
their own source of. power, it is obvious 
that the period during which the power 
is available is limited to the time during 
which this machine is being used. 


The portable electric generating sets 
can on the oth2r hand be also used while 
the track on which work is being done is 
open to traffic, and can be used for all 
work which can be carried out with 
electric hand tools outside the track in 
use for the assembly and dismantling 
of the track, and also for the electric 
lighting of the site. 


The portable generating set is, as indi- 
cated by its name, portable. It can 
either run on its own wheels or be moved 
in a small truck, and can also be placed 
on the side of the track in use outside 
the loading gauge so that the line 
is kept open. The rubber cables which 
connect the generating set with the elec- 
tric hand tools are of such a length that 
150 m. (492 feet) can -be dealt with 
without the generators being moved. The 
lighting equipment which can be atta- 
eched to the generating set consists of 
severals lights fitted to eight standards, 
25 m. (82 feet) apart so that a site of over 
200 m. (656 feet) in length can be fully 
illuminated with 500-watt lamps and 
with a candlepower of about 1000 each. 


internal combustion 


B. — Economic organisation of track 
maintenance. 


4. — Organisation of track maintenance 
in Reichsbahn Divisions and in the 
districts allotted to them. 


In Section A it has already been 
pointed out that machine auxiliaries for 
the renewal and maintenance of the per- 
manent way can be used if it is done 
in a proper and systematic manner. 
This naturally makes it essential that 
the permanent way work itself is pro- 
perly organised and systematically car- 
ried out. For this, however, individual 
management of all matters concerning 


" permanent way is necessary in each exe- 


cutive district of the railway divisions; 
for only an individual mind ensures pur- 
poseful and objective work. 

For this reason, there was appointed 
already in 1920, for each railway division 
in Prussia-Hessen, a divisional perma- 
nent way superintendent, and by this 
means it was ensured that all permanent 
way matters of a technical as well 
as personal nature were dealt with in a 
proper manner in accordance with the 
regulations issued by the Central Office, 
now the General Headquarters of the 
Reichsbahn. In the meantime this prac- 
tice has also been extended to the other 
divisions so that now individual manage- 
ment of all matters dealing with perma- 
nent way in each division is ensured all 
over the Reichsbahn. 


Divisional permanent way inspectors 
are allotted to the divisional permanent 
way superintendents who chiefly have to 
see that the permanent way work on the 
line is practically carried out, and for 
this act in an advisory capacity. 


Whereas individual management of all 
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matters connected with permanent way 
was fully attained from the purely tech- 
nical point of view by the appointment 
of divisional permanent way superinten- 
dents, nevertheless an individual hand- 
ling of matters connected with permanent 
way materials, the management of work- 
ing shifts, and the other duties connected 
with outside work which have to be 
carried out by the divisions, was often 
missing. This deficiency has been re- 
cently attended to and the individual 
business management of all permanent 
way matters has been handed over to a 
special permanent way office under the 
immediate centrol of the divisional per- 
manent way superintendent. 


With reference to the extent and impor- 


tance of the lines, the territory of the 
railway divisions varies in accordance 
with the importance of the track they 
control. On the average each division 
has to look after 4 300 km. (2 670 miles) of 
track, of which 2700 km. (1680 miles) 
are main lines and also about 10000 
switches reckoned on a single switch 
basis. 


The duties of carrying out and the 
supervision of track maintenance falls to 
the district officers which have to deal 
with constructional as well as operating 
matters. 

The number of district officers is 328. 
They have to attend to on the average 
370 km. (230 miles) of track including 
240 km. (150 niles) of main lines and 900 
switches reckoned on a single switch 
basis. 


For local supervision, maintenance and 
extensions, there are 2920 gangs of 
which only 2720 concern the permanent 
way. Of the remaining gangs 80 have 
to deal with buildings only, 95 with 
signalling installations, 2 with bridges, 


and the rest with other installations. 
Each track inspection district consists 
of on the average 45 km. (28 miles) of 
track to maintain including 29 km. 
(18 miles) of main line and 110 switches. 

It is intended to standardise the 
area given to the gangs so that each 
inspector can easily look after his own 
district but is kept fully employed under 
normal conditions with ordinary main- 
tenance work, 

For special work, which occurs inter- 
mittently, such as considerable renewals 
of track and ballast, extensions, ete., the 
chief of the gang must get temporary 
assistance by obtaining help. By this 
the number of gangs will be probably 
reduced. 

For carrying out the work, the gangs 
have to cover about 7 200 sections, i. e, 
on the average 2.6 for each main gang. 

The extent of the territory covered by 
the district officers and gangs under 
the charge of an inspector, varies just as 
it does in the case of the railway divi- 
sions. It depends on the amount of work 
to be done, which is usually determined 
by the density of the traffic as well as 
by purely local conditions. As a result, 
the maintenance staff is not divided re- 
gularly but in accordance with the neces- 
sity imposed by operating and local 
conditions. 

When fixing the Yocation of the district 
offices, etc., consideration is given that. 
these should be as nearly as possible in 
the centre of their district, that is to 
say, at the place where most work has. 
to be done, but importance is also atta- 
ched to arranging their position in as 
favourable a spot as possible in their 
working territory, so that all points can 
be reached in a short time. 

The inspection and maintenance of 
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signalling and telegraph installations, 
tunnels, bridges, etc., usually falls to the 
district officers and gangs. Separate 
offices are not usually provided for this 
purpose. Only in the case of large sta- 
tions with extensive signalling and tele- 
graph apparatus is their inspection and 
maintenance given over to special 
inspectors, so-called signalling inspec- 
tors. In some divisions formed out of 
the earlier organisations of the pre- 
viously separate State Railways, the old 
arrangement still remains, which had 
separate supervision and maintenance 
offices for signalling and telegraph work. 
It is, however, intended that these shall 
conform to the general rule. For build- 
ings, special building inspection offices 
are only provided at large stations with 
numerous and extensive buildings, In 
addition, in two places there exist bridge 
inspection departments for portable pon- 
toon bridges which as soon as permanent 
bridges are built, will be abolished. 

The gangs are provided with signal 
mechanics for the maintenance of the 
signalling apparatus, line inspectors and 
telegraph mechanics for the mainte- 
nance of telegraph apparatus, and ordi- 
nary mechanics who act as handy men 
for carrying out minor maintenance 
work. The gangs on larger stations 
employ also according to require- 
ments, a few workmen such as brick- 
layers, carpenters, painters, plumbers, 
etc.; generally speaking, however, the 
employment of ordinary mechanics and 
the railway’s own labourers is limited to 
such instances in which outside labour 
cannot be used on account of the danger 
or where it is uneconomic on account of 
loss of time; otherwise outside workmen 
are employed. For testing bridges as 
well as tor other minor maintenance 


work, bridge fitters are used who are 
either withdrawn from repair work 
or if they can be continually employed, 
are allotted to a gang. For the new 
installation of telegraph equipment, 
mechanics are collected from several 
districts. 

For all other railway maintenance 
work, unskilled workmen are employed. 

Track supported on temporary struc- 
tures, and track in tunnels and on 
bridges is only specially watched where 
unusual conditions make this tempo- 
rarily necessary, as for instance, in the 
case of .snow drifts, floods, pack ice, 
heavy frost, danger of fire, ete., other- 
wise the usual inspection is considered 
sufficient. Movable bridges are except- 
ed, these being permanently provided 
with an attendant, on account of the 
attention required, and he is under the 
control of the gang. 

Even the special inspection of this 
track is limited to the above mentioned 
exception. Tunnels, however, are closely 
examined at least once a year by the 
head of the district office, by means of 
a tunnel testing car. Bridges are given 
an ordinary inspection at intervals of 
two years, and a close inspection at in- 
tervals of six years. In the case of simple 
inspections, the head of the district office 
can depute his assistant or another 
suitable official, or in the case of parti- 
cularly simple jobs, even the chief in- 
spector of the gang: All close inspec- 
tions are carried out by officials from 
the divisional bridge and constructional 
steel huilding departments. The chief 
inspector of the gang in question has 
to be present at all close tests. In 
the case of particularly weak or dange- 
rous bridges, the interval of time between 
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tests can be reduced according to require- 
ments, and in the case of simple lane ant 
road bridges the intervals can be in- 
creased. 

The track must, on main lines, be exa- 
mined as to its condition at least once 
every day and on secondary lines every 
other day. For this platelayers are 
usually employed, whose chief duty is 
the examination of the line, but who must 
also carry out in addition minor main- 
tenance work such as tightening loose 
coachscrews, etc. These platelayers have 
io examine the permanent way for irre- 
gularities in the gauge, and in the height 
and position of the track, which result 
from the twisting and sinking of the 
track, frost, ete., or are occasioned by 
other causes dangerous to operation, and 
to examine the permanent way materials 
for cracks, breakages, etc. The small 
faults, they have to attend to themselves, 
and the important ones have to be re- 
ported to the inspector. 


On tracks on which level crossing and 
track supervision are not under separate 
control, the gatekeeper or the attendants 
assist within a certain area in the duties 
which fall to the platelayer. In mining 
districts where subsidences are fearea, 
increased supervision and examination 
of the endangered track is carried out 
according to circumstances. 


2. — Recent developments in track 
maintenance for. increasing economy. 


Reference has already been made at 
the beginning of this section to develop- 
ments which have been introduced in 
.recent years and which it is intended to 
introduce in order to render more econo- 
mical the maintenance of track, There 
still remains, however, a development 


which has proved itself valuable parti- 
cularly in industrial districts where 
experience has shown that it is difficult 
to meet labour requirements, and this is 
the flying gang. 

These flying gang is housed in a spe- 
cial train (see fig. 31) and moves from 
site to site. Its strength is such that it 
can deal with its chief work such as 
track, switches and crossings and ballast 
renewals quickly and properly. As a 
rule its strength is 60 to 80 men, and an 
able energetic man is put in charge, and 
according to the strength of the gang, 
three or four foremen and a clerk are 
allotted to him for this difficult and res- 
ponsible special service. The gang is 
chiefly formed from temporary workmen 
who in districts where sufficient labouz 
is available, are put on for the period of 
operation, i. e. March to the end of 
October, and from a few permanent 
hands who in particular attend to and 
look after the machinery. 


The economic advantage to be gained 
by the use of gangs rests principally 
in the fact that a large body of men 
remain continually together with rela- 
tively small changes in the’ personnel, 
whose individual workmen carry out 
almost always the same duties and who 
therefore are familiar with the work and 
who work well together. The gang is 
controlled by the district officer as far as 
personnel is concerned and by the divi- 
sion on the technical side. The division 
acquaints the gang with the site and 
programme of work under advice to the 
district officer concerned. The gang 


otherwise acts as an independent service’ © 


unit and acts so to speak as contrac- 
tor to the inspector in whose area it 
works, he having to supervise and pass 
its work. 


Fig. 31. — Living-in train for a « flying gang ». 


The service train consists of living car- 
riages, one kitchen wagon, and one tool 
wagon. Each living carriage contains six 
to eight camp beds. Special rooms are 
fitted up for the man in charge, the fore- 
men and the clerk, which contain writ- 
ing desks and a telephone. 


3. — Details of the Reichsbahn 
standard track. 


The Reichsbahn as a result of the expe- 
rience collected under the most varying 
conditions from the former separate State 
Railways, and, as a result of their own 
tests carried out on the construction of 
its permanent way over a period of many 
years, has laid down certain principles, 
the most important of which are given 
in short below : 

- Rails and sleepers must be as far as is 
possible immovably connected by their 
fastenings. 

Soleplates with hooks rolled or cast on 
have proved themselves unsuitable for 
the fastening of rails. Arrangements by 
which the rails. are firmly screwed down 
on to their supporting plates on both 
sides are preferable. 
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a. 


Loose steel soleplates have not proved 
themselves in permanent way with steel 
sleepers since it is not possible in this 
manner to obtain a lasting and tight 
connection of the parts. 

As a rule, not more than two parts 
should be joined together by one screw 
and for this reason in the case of per- 
manent way on wooden sleepers the rail 
fastenings must in all circumstances be 
separate from the soleplate fastening. 

The nuts and bolts used for fastening 
the running rails must be capable of 
being inserted from above, and of being 
replaced at any time without having to 
disconnect the fastening between the sole- 
plate and the sleeper. 

The canting of the running rails to- 
wards the centre of the track at an in- 
clination of 1: 20 which has been usual 
from the beginning of railways is also to 
be retained in the future, in order to mi- 
nimise the pressure on the soleplates oc- 
casioned by the side movement of the 
wheels and in order to avoid side stresses. 
Apart from this, if the position of the 
rails were vertical, on account of the 
existing coning of the tyres which cannot 
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in practice be altered, used rails could 
not be employed because of the unsuit- 
able bearing surface which would then 
be obtained. 

For the standard Reichsbahn track, 
these principles have been observed as 
can he seen from figures 32a to 32g. In 
addition the closest attention has been 
paid to operating requirements, namely 
to the transporting of heavier loads and 
increasing speeds. 

The whole network of the Reichsbahn 
lines, independently of the division of the 
tracks into main line and secondary 
lines, from the operating point of view, 
is divided purely from a permanent way 
point of view into tracks of first, second 
and third classes. : 

The first class tracks are those with 
dense trafic, high train speeds and the 
greatest axle loads. In this group the 
most important tracks which deal with 
the international and long distance 
express traffic (Fern-D-Ztige) are taken 
as a special class. 

The second class tracks are those with 
average traffic and generally speaking 
lower train speeds, but without regard to 
the axle loads. 

The third class tracks are those re- 
maining. 

Only first class tracks including the 
Special tracks are renewed with new 
materials, this being done systematically 
according to their traffic requirements at 
greater or less intervals, on the average 
every 18 years. These tracks are equip- 
ped with the Reichsbahn track iS on 
wooden or steel sleepers. 

The materials taken out when renew- 
ing first class track which can again be 
used to a large extent after the addition 
of certain new materials, viz. sleepers 
and fastenings, are used for the renewal 


and maintenance of second class tracks. 
These are the less important main lines 
at principal stations, the main track on 
secondary railways, shunting loops, and 
crossings, goods train reception sidings 
and departure sidings as well as im. 
portant shunting tracks. Their renewal is 
also carried out systematically at greater 
or less intervals, on the average every 
20 years. 

The materials regained when renewing 
second class track which can still be 
used are employed for renewing and 
maintaining third class track, that is, 
the least important lines. 

There are, in all, three groups of track 
through which the materials pass until 
they are completely worn out in order 
then to be used again as scrap, building 
timber or firewood. The lengths of track 
belonging to each group stand in such a 
proportion to each other that the mate- 
rials gained which are still serviceable 
are sufficient in each instance for the 
maintenance and renewal of the tracks 
which come into question, and the time 
the materials lie in the track in the three 
groups is equal to the life of the materials 
themselves. This naturally only applies 
generally speaking to the principal ma- 
terials, since sleepers and, above all, 
fastenings must to a certain extent often 
be replaced during the life of the track. 

This method offers the advantages that 
the most important lines have a per- 
manent way sufficient for all require- 
ments, whereas the old permanent way 
is amply sufficient for the tracks for 
which it is used. For this reason lighter 
permanent way types are not specially 
obtained for these tracks. 

In designing the new Reichsbahn track 
K the principle was observed that a per- 
manent way for wood and steel sleepers 


Fig. 52a. — Cross section of rail and fishplate. 


should be made which, however, provides 
the same means of fastening for both 
types of sleeper, a fact which allows poli- 
tical economic considerations to be taken 
into account, and which offers consi- 
derable economic advantages for their 
supply as well as maintenance. 

The permanent way on wooden and 
_ steel sleepers is designed for a wheel load 
of 12.5 tons. 

The rail in 148 mm. (5 13/16 in.) high, 
the foot 125 mm. (5 inches) wide, the web 
in the middle 14 mm. (9/16 in.) thick. It 
weighs about 49 kgr. per m. (98.8 lb. per 
yard). In the special class track, rails 
of 80 m. (98 ft. 5 in.) are used, and-in 


the remaining first class tracks 15 m. 
(49 ft. 2 1/2 in.). Only on viaducts ana 
on long bridges of stone, concrete and 
reinforced concrete are rails of 30 m. 
(98 ft. 5 in.) length used, in order to 
reduce shocks as far as possible. 

A rail length of 30 m. is not generally 
exceeded owing to the difficulties which 
arise in the track due to the variations 
in the length of the rail caused by the 
alterations in temperature, and on 
account of the difficulty of handling the 
rail on the track. Only in tunnels and 
on steel bridges are the rails welded 
together to a greater Jength, namely up 
to 120 m. (394 feet). Overlapping devices 
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Fig. 32b. — German permanent way, type K with rails type S. 49 
on wooden sleepers. 
[Experiment] 


(Permissible wheel load = 


12.5 tons.) 


Huplanation of German terms in figs. 82 a, b: Bemerkung = Remarks. — Die 


Schwellen werden je nach Bedarf... 


= The sleepers are bored for 5 mm., 


10 mm. or 15-mm. adjustment in gauge as required, — Halbmesser bis 


einschl, = Radius up to... 


inclusive. — Loch mitte = Centre of hole. — 


Spurregelung = Adjustment of gauge. — Spurerweiterung = Increase of 
gauge. — Schwellenteilung = Spacing of sleepers. — Schwerp.-Achse = 
Centre of gravity. — Walzzeichen = Rolling mark. 


are fitted on steel bridges for ccmpensat- 
ing the variations in temperature, but in 
tunnels these are not used owing to the 
variations being small. 

For making up the difference in rail 
length in curves, making-up rails are 


used, which for 15-m. (49 ft. 2 1/2 in.) 
rails are 14.96 (49 ft. 1 in.), 14.92 (48 ft. 
11 7/16 in.) and 14.88 m. (48 ft. 9 13/16 in.) 
long and for 30 m. (98 ft. 5 in.) rails are 
30.060 m. (98 ft. 7 1/2 in.), 30.110 m. (98 ft. 
9 1/2 in.) and 30.165 m. (98 ft. 11 5/8 in.) 
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Fig. 32c. — Rail joint with wooden sleepers. — Plan. 


long. In curves the make-up rails for because the make-up rails when they are 
15 m. rails are laid inside the track, and taken up at a later date can be shortened 
for 30 m. rails outside the track. Ths _ to the standard length of 80 m. 

latter arrangement has been chosen At the rail joints with wooden sleepers, 
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Fig. 32e. — German permanent way, type K with rails type S. 49 on steel sleepers. 
[Experiment] 


(Permissible wheel lodd = 12.5 tons). 


Explanation of German terms: Bemerkung = Remark. — Breitschwelle = Wide sleeper. — Die Unterlags- 
platten, etc... = The sole plates are welded on so as to give 5 mm., 10 mm. or 15 mm. increase of 
gauge as required. — Gew. 77.81 kg. fiir die Schwelle = Weight per sleeper: 156.85 lb. — Gew. 128.15 kg. 
fiir die Schwelle = Weight per sleeper : 258.05 lb. — Halbmesser bis einsch]l. m. = Radius up to... metres, 
— Mittelschwelle = Ordinary sleeper. — Querschnitt A-B = Section A-B. — Spurerweiterung = Increase 


of gauge. — Spurregelung = Adjustment of gauge. — Schwellenteilung = Spacing of sleepers. 
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Fig. 32/. — Rail joint with steel sleepers. — Plan. 


a double sleeper is used and with steel 
sleepers, a broad sleeper. A firm joint 
can therefore be obtained, but, by means 
of a groove in the soleplate under the 
joint in the case of wooden sleeper track, 
and by means of the recess between the 


two halves of the broad sleeper in the 
ease of steel sleeper track, the rails are 
allowed a small amount of play. 

For connecting the rails heavy sym- 
metrically formed flat fishplates without 
angles are used with a double ridge on 


Fig. 52g. — Plan of rail on intermediate sleeper (steel). 


the outside to hold the head of the fish- 
bolt. They are held together by four 
fishbolts, and support the ends of the 
rails well. At present the flat fishplate 
is 580 mm. (22 13/16 inches) long, the two 
inner holes are 100 mm. (3 15/16 inches) 
and the two outer holes 165 mm. (6 1/2 
inches) apart. The weight of a flat fish- 
plate is 9.06 kgr. (20 Ib.). 

The German track type K is laid on 
wooden and steel sleepers. Technical, 
local and economic reasons govern the 
choice of the type of sleeper. Steel 
sleepers, for instance, cannot be used 
where atmospheric or local influences 
would soon destroy them. Wooden slee- 
pers are produced mostly in the East, 
and steel sleepers in the West. The dis- 
tricts on which each kind is used will 
depend on the price and the cost of trans- 
port. On the special class tracks only 
wooden sleepers are used on principle. 

First class tracks including the special 
class, are equipped with type I’ wooden 
sleepers 2.60 m. (8 ft. 6 3/8 in.) long and 
16x26-cm. (6 5/16x10 1/4 inches) section, 
while for the remaining tracks, as- well 
as for maintenance purposes type II 
wooden sleepers, 2.50 m. (8 ft. 2 7/16 in.) 


long and 14x24-cm. (5 1/2x9 7/16 inches) 
section are used. The sleepers are 
usually machined on four sides, but 
sometimes only on two; the majority are 
made of pine, but to a small extent of 
larch. For tracks with denser traffic, on 
sharp curves and gradients, hard wood 
beech sleepers are used. Oak is used for 
crossing timbers, and for ordinary slee- 
pers only as they occur during the ma- 
nufacture of crossing timbers. 

For their better preservation, the slee- 
pers are impregnated with tar according 
to the Ruping process, and at the im- 
pregnation works are first planed and 
bored, so that the wood round the bored 
holes is well impregnated and the life of 
the sleepers thereby prolonged. After 
impregnation, the bearing plates are 
screwed on by a machine at the im- 
pregnation works. 

For Reichsbahn track on steel sleepers, 
the type shown in figure 32e is used. 
They are 2.50 m. (8 ft. 2 7/16 in.) long and 
260 mm. (10 1/4 inches) broad on the 
bottom side and 100 mm. (3 15/16 inches) — 
high as with wooden sleepers. The 
upper surface is 135 mm. (5 5/16 in.) wide. 
The walls of the sleepers are 9 mm. 
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(3/8 inch) thick, the weight amounts to 
28.85 ker. per metre (58.2 Ib. per yard) 
for an ordinary sleeper and 47.64% kgr. 
per metre (96 lb. per yard) for a broad 
sleeper. On these sleepers rib-plates, 
which in conformity with the principles 
set out above are designed similar to 
those for wooden sleepers, are electrically 
welded on. The ordinary sleeper com- 
plete with rib-plate weighs 83.58 ker. 
(183.2 Ib.) and the broad sleeper 139.69 
kgr. (307 Ib.). 

Through the steel rib-plates being wel- 
ded on, not only are the holes previously 
necessary for accommodating fastenings 
in the steel sleeper with all their harmful 
effects on its life avoided, but the sleepers 
are in addition considerably strengthened 
under the rail seat where they are sub- 
mitted to most stress. 

For a rail length of 15 m. (49 ft. 2 1/2 in.) 
one double or broad sleeper and 22 or- 
dinary sleepers are laid, and for a rail 
length of 30 m. (98 ft. 5 in.) there are laid 
one double or broad sleeper and 45 or- 
dinary sleepers. The distance of sleepers 
from centre to centre amounts in the 
former case to 650 mm. (2 ft. 15/8 in.) and 
in the latter 655 mm. (2 ft. 1 13/16 in.). 
The distance is somewhat smaller at the 
joint, being for 15-m. rails, 547 mm. (1 ft. 
9 9/16 in.) for the first sleeper and witn 
30-m. rails 548 and 570 mm. (1 ft. 9 19/82 
in. and 1 ft. 10 7/16 in.) for the first two 
sleepers. 

Both types of sleeper are equipped, for 
the purpose of fastening the rails, with 
rib-plates which in the case of wooden 
sleepers are fastened by four coach- 
serews, and in the case of the steel 
sleepers, are welded round the edge. 
The foot of the rail is positioned between 
the two ribs which are rolled on to this 
soleplate. These ribs are milled out at 


the centre in the form of an arc to take 
the rail fastening bolt. The clip fits over 
the rib and when the bolt is tightened 
joins rail and rib-plate firmly together. 
In order to allow for rolling inequalities 
and other lack of precision which must 
always be reckoned with in rolled sec- 
tions, a poplar wood pad is placed be- 
tween the rail and plate. These wooden 
pads, on account of the increased fric- 
tional resistance, decrease longitudinal 
displacement of the rail and also tend to 
reduce noise. 

It is probable that this track will meet 
all requirements for years to come, and 
that its life will be considerably in- 
creased on account of the design and 
arrangement of its component parts. 

The gauge is now only increased on 
curves of less than 300 m. (15 chains) 
radius, this being done by suitably bor- 
ing the wooden sleepers, and by suitable 
welding of the rib-plates. 

For this limitation of gauge widening, 
technical and economic considerations 
have been the governing factors. An 
undoubted disadvantage of increasing 
the gauge is that the vehicles are not 
firmly guided. This makes itself noticed, 
when long straight tracks are being 
covered, by the rolling of vehicles, parti- 
cularly at the end of the train, for the 
flanges have even on straight track a 
play of a minimum of 10 mm. (13/32 inch) 
to a maximum of 25 mm, (1 inch). On 
curves, however, the increase in gauge 
assists the so-called « spear flight move- 
ment » of the vehicles, this means the 
running of the leading wheel against the 
outer rail which results in heavy wear 
en the rail and wheel. 

From an economic point of view, by 
limiting the pratice of widening the 
gauge not inconsiderable advantages 
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accrue. The use of special fastenings 
‘for track with an increased gauge has 
become unnecessary. Practically all 
wooden sleepers can be bored in the 
same manner before being impregnated 
at the impregnation works. The laying 
of the track is therefore made simpler. 

Respecting rail joint gaps, the use of 
long rails has in no way given difficulty; 
the gaps specified for rails of 30-m, length 
are only a little larger than those for 
rails of 15 m. Thus the gaps based on 
air temperatures from plus 20° C. to plus 
5°°C. (+ 68° F. to + 41° F.) are 3 mm. 
(1/8 inch) for the 15-m. rails and 5 mm. 
(3/16 inch) for the 30-m. rails. 

The rail gaps are calculated on the 
assumption that the rails, being firmly 
fixed to the sleepers, do not undergo any 
appreciable variations of length through 
difference of temperature, on account of 
the considerable resistance of the ballast, 
but rather that the stresses are taken up 
by the rails. 

Ballast should transfer the pressure 
set up by the loads on the transverse 
sleeper as regularly and elastically as 
possible on to the formation. It should 
in addition prevent any sideways move- 
ment of the sleepers and so that the 
sleepers always remain dry, should lead 
away any water contaning sediment. The 
ballast must therefore be open to allow 
water to drain away quickly and must 
be able to resist as permanently as poss- 
ible running loads as well as the blows 
from the tamping tools. 

For this reason only absolutely perfect 
chips of hard stone are used which are 
weather proof and do not reduce in 
volume, which have sufficient shock 
resisting qualities and hard edges and 
which can offer sufficient resistance with 
considerable elasticity. The chips must 


be as cubically formed as possible with 
sharp edges. Their size should as a rule 
not be less than 3 cm. (1/8 inch) or more 
than 6 cm. (1/4 inch). 


On account of the considerable import- 


ance which the provision of a perfect 
broken stone ballast meeting all require- 


ments has on the permanent Way, and 
therefore also on the vehicles, the German 
Railways decided to arrange a ballast 
testing centre for the whole of their rail- 
ways. This centre has to test the stone 
which is tendered to them, for its ana- 
lysis, to supervise the breaking of the 
stone and the deliveries made and also 
thoroughly to inform outside depart- 
ments regarding the requirements to 
which good broken stone must conform. 


The ballast formation for wood and 
steel sleepers is the same. The ballast 
as measured from the top of the sleeper 
is 0.40 m. (16 inches) deep in the middle 
of a double track line, and increases with 
the angle of the formation of 1: 25 so 
that in the middle of each track it is 
0.47 m. (18 1/2 inches) deep. On single 
track it is 0.45 m. (17 3/4 inches) in the 
middle of the track. The distance from 
the middle of the track to the edge of the 
ballast is 1.60 m. (5 ft. 3 in.) and the 
angle of slope 1 to 1.25. 


4. —- Number of men in track 
maintenance gangs. 


The permanent way must be carefully 
attended to in every respect in order to 
prolong its life to the furthest extent by 
making the utmost use of the available 
material. 
by means of systematic, thorough and 
coordinated maintenance. 


For this reason the maintenance gangs 


This end can only be achieved ' 
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no longer work in fixed unchangeable 
gang districts, put in places within the 
gang office districts where systematic 
maintenance work is to be carried out. 


The gangs are collected together 
according to the extent of the work to 
be done. This method is in any event 
often rendered necessary by the increase 
of rail lengths, rail weights, etc., which 
necessitates a larger number of workmen. 
The gangs have a greater strength in 
good weather than in winter. On the 
average there are 7 200 gangs so that to 
each falls 18 km. (11.2 miles) of track 
to maintain, including approximately 
11 km. (6.8 miles) of main track and 
42 switches reckoned on a single switch 
pasis. The length to be maintained by 
the individual gangs on lines carrying 
dense traffic is decreased somewhat, but 
in parts where the traffic is small, it 
is considerably larger and reaches in 
secondary lines with a small amount of 
traffic. to nearly 30 km. (18.6 miles). 


Each gang on the average is composed 
of 20 workmen; on lines with dense 
traffic this number is increased to about 
30, which number is correspondingly 
reduced in districts with a small amount 
of traffic. These are to a certain extent 
purely theoretical figures, and actually, 
the number of workmen is suited to the 
amount of work to be carried out, and 
to the requirements of traffic. Tie num- 
pers in the gang are also varied by with- 
drawals for auxiliary work, increasing 
other gangs, and for special detachments. 
Each gang is in the charge of an inspec- 
tor. Im cases where gangs are concer- 
trated, the senior inspector is placed in 
charge and the remainder undertake 
special duties within the scope of the 
work to be done. 


5. — Estimation of the necessary labour. 


In order to ascertain the number of 
workmen required, it is not generally the 
length of track to be maintained which 
is the deciding factor, since special rules 
and scales of renewal are specified for 
the track governed by its age, traffic 
load, local conditions, etc., but we now 
fix in advance by programme the extent 
of the work which actually has to be car- 
ried out in each year and decide the 
labour requirements accordingly. This 
makes it essential that the district offices 
estimate this work beforehand, and in 
doing this they must examine exactly 
which work must be done on the tracks 
which are to be relaid and maintained 
according to programme, and what ma- 
terials and how many man-days are 
necessary. 

The General Headquarters lay down 
generally, within the scope of the means 
at their disposal, for each division, and 
based on the estimate, those lengths of 
track which are to be relaid, regard 
being paid to its age and traffic load, 
and the materials and man-days which 
may be used for the purpose. They also 
lay down the materials and man-days 
which may be used for ordinary main- 
tenance. 

The decision as to which tracks are to 
be relaid is taken by the divisional per- 
manent way superintendent of the divi- 
sion acting on the general instructions 
issued by Headquarters, because only 
the divisional permanent way super- 
intendent, on account of his local know- 
ledge of the condition of the track in 
his whole district; is in a position to 
decide which tracks require relaying 
most urgently. The periods of time for 
the systematic examination of the track, 
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are laid down for each individual track, 
_ So that by this means the extent of the 
work to be done is arrived at. The 
division of man-days among the district 
and local officers is arranged then by 
the divisional permanent Way super- 
intendents according to the work which 
has to be carried out from time to time, 
and having regard to the density of 
traffic and local conditions. The district 
office has to supervise the carrying out 
of the work, and to see that the expendi- 
ture of labour and materials is not 
exceeded. When allotting the man-days, 
provision is made for leave, paid public 
holidays, ete. 


6. — Permanent, temporary and 
auxiliary labour. ; 


Track work is seasonal work which as 
a rule can only be carried out during the 
favourable season of the year. The 
number of workmen is therefore different 
in summer and winter. 

We make the following distinctions : 


a) Permanent men, who are employed 
throughout the whole year. Their num- 
ber amounts to about 50 to 60 % of the 
total number necessary for the average 
work which has to be carried out during 
each year; 


b) Temporary men, who are put on to 
increase the gangs during the favourable 
Season of the year, who as a rule are not 
engaged more than six months in the 
year; 


c) Auxiliary men, who are only taken 
on for the purpose of dealing with tem- 
porary occurrence of extra work, such as 
snow clearing, breakdown work, and 
who are not employed more than six 
weeks. 


In this manner the best possible ar- 
ranging of the number of workmen for 
the work to be carried out is effected. 


7. — Secondary work which is carried 
out by track maintenance men. 


The gangs should be engaged during 
the favourable season of the year on 
relaying and the maintenance of tracks 
and ballast. Other work such as clean- 
ing out ditches, drainage work, fire pro- 
tection belts, cutting of hedges, repairing 
of fences, snow drift shields, etc., should 
only be performed by the gangs as far 
as is possible during the unfavourable 
season of the year, so that the permanent 
men may be employed. Nevertheless the 
principles must be maintained that track 
maintenance does not suffer on account 
of such secondary work. 

All other work is as a rule given out 
to contractors. - 


8. — Systematic track maintenance. 


The tracks are systematically main- 
tained, that is to say, each portion of 
track is thoroughly covered at regular 
intervals varying according to the den- 
sity of ‘the traffic and with the age of 
the track, for instance, at intervals of 
2, 3 or 4 vears, and is at this time over- 
hauled as to all its parts in such a 
manner that it can remain until the next 
inspection accord ing to programme. One 
does not therefore wait until faults occur 
which are then remedied at the time, but 
as far as possible such faults are avoided 
in time. The earlier custom of working 
on the track at irregular intervals for 
the purpose of remedying faults which 
had already arisen, only had the effect 
of working disadvantageously on the 
whole make up of the track. The state 
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of the track became rougher rather than 
smoother. The result was increased 
wear of the various components of the 
permanent way, which necessitated their 
premature renewal. Systematic track 
maintenance obviously eradicates not 
only the results of track faults but also 
the trouble of them. 

Maintenance of track according to pro- 
gramme is the most important duty of 
the permanent gangs of each gang office. 
It must not under any circumstances 
suffer owing to the carrying out of im- 
portant renewals of track and ballast. 
For this latter work special gangs are 
therefore used in many instances, so 
called flying gangs as described above, 
or the work is undertaken by contractors. 


9. — Technical regulations for dealing 
with the materials and for the laying 
of track including the work connected 
therewith. 


Steel permanent way materials are 
chtained from the manufacturing firms 
in a finished condition and are despatch- 
ed to the place where they are to be 
used, in as far as they consist of heavy 
materials, in most cases direct, otherwise 
they pass through a main store for per- 
manent way materials. They are tested 
with go and no-go gauges for the correct- 
ness of the specified measurements and 
for the permissible tolerances. 

The wooden sleepers are delivered in 
a raw condition to the impregnation 
depots, and after being dried are then 
planed and bored; after that, they are 
impregnated with tar and fitted with the 
rib plates which are screwed on, im- 
mediately after impregnation, by four 
coachscrews. The sleepers then go di- 


rect to the place where they are to be 
used. 

If the method of carrying out the work 
does not make it otherwise necessary — 
(such as laying with track laying appli- 
ances) — the rails are distributed over 
the place where they are to be used so 
that intermediate storage is avoided. 

The sleepers are also distributed on 
the site if there are no special reasons 
against this or if the method of carrying 
out the work does not demand otherwise. 
When being unleaded, the sleepers have 
to be handled with care. 

The small steel parts are protected 
against weather until they are fitted in 
the track and as far as is possible are 
stored under cover. 

When track laying apparatus is used, 
the materials are taken to the stations 
which are to be used as depots so that 
the sections of track may be assembled. 

After removal of the old track, the 
ballast according to its condition is 
either cleaned or renewed, and relaid 
according to regulations. When clean- 
ing the ballast the dirty or muddy ballast 
is removed from the track, forked over 
or sieved and again returned. The fresh 
ballast, contrary to previous custom, 
which allowed th» ballast to settle down 
under the weight of passing traffic, has 
been recenily artificially compressed 
with special ballast rollers or by hand 
tamping. 

When track on wooden sleepers is 
being laid the sleepers are first laid out 
at the specified distances from each other 
by means of a distance gauge and then 
the pads of poplar wood are laid on the 
soleplates. Then the rails are put in 
and the sleepers are moved into their 
final position which is marked on both 
rails. After the fishing surfaces between 
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the rails and fishplates have been well 
cleaned and oiled, the fishplates are ‘at 
first loosely screwed on, then the proper 
expansion pieces are put in according to 
the atmospheric temperature at the time. 
The correct position of the joints is tested 
by means of the rail square and the 
gauge of the track checked. The rail 
fastenings are now fitted and the nuts 
first serewed up loosely, the sleepers 
are tamped, and finally all screws are 
tightened up after the track has been 
correctly lined up. 

When laying track on steei sleepers 
the ballast box method already described 
is principally used; otherwise the process 
is the same as in the case of wooden 
sleepers. 

The methods of assembling the track 
at the side and laying it in sections, or of 
putting the new rails at first on the old 
sleepers and subsequently substituting 
new sleepers, may only be used excep- 
tionally when intervals between trains 
do not allow otherwise. 

Trains in publie service are not all- 
owed to travel over a track, which has 
not been sufficiently tamped and lined 
up, and the first public train which 
travels over the finished track must not 
exceed a speed of 30 km. (18.6 miles) per 
hour, 

The track is lined up in accordance 
with the line and level pegs, which indi- 
cate the positon of the centre of the track 
and the position of the top of rail level. 
The pegs on the straight are placed 
at intervals of 100 m. (328 feet); in level 
curves up to 500 m. (25 chains) radius, 
at intervals of 50 m. (164 feet) and in 
curves of less than 500 m. (25 chains) 
radius at intervals of 25 m. (82 feet), at 
the beginning and end of the curve as 
well as at the beginning and end of the 


transition curves at points where the 
gradient changes, and at the beginning 
and end of the rounding off of changes of 
gradient. 

The track is first roughly lined up; 
first the joints of the one track, then the 
joints of the other, and finally the middle 
of the rails are brought to their correct 
height by means of jacks and water 
levels. 

After the track has been lined up, the 
sleepers are immediately well and regul- 
arly tamped, that is by hand tamping, 
as opposed to the already described ma- 
chine {amping from both sides. For this 
purpose tamping sections are formed 
each with four men. At first just suffi- 
cient ballast is put between the sleepers 
so that tamping is not made difficult. The 
middle of the sleepers is not tamped but 
is just supported sufficiently with ballast 
that the tamped parts cannot move. By 
this means the riding of sleepers on their 
beds is avoided. 

When the track has been completery 
tamped it is finally well lined up by 
means of lining bars during which pro- 
cess the track must not be lifted. 

After tamping and lining up the rail 
fastenings are tightened up and_are then 
coated with a tar preparation for protec- 
tion against rust. 


When ballast boxes are used for laying 
permanent way on, steel sleepers, tamp- 
ing the finished track before being used 
for traffic is not necessary. The posi- 
tion of the track must nevertheless be 
examined some time after completion of 
the work. Sleepers not properly sup- 
ported by the ballast must then be 
tamped, errors in the height and position 
of the track must be corrected and the 
screws and nuts tightened up. 
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When renewing or improving ballast 
without interrupting the traffic the 
ballast is first removed to the level of the 
underside of the sleeper; the )allast is 
then taken out under two neighbouring 
sleepers down to the top of the formation 
and each sleeper is supported by means 
of two wooden blocks about 40 cm. (16 
inches) long — sections of old longitudi- 
nal timbers are best. Each rail must be 
supported at the same time at the spot 
where the original sleepers were so that 
the track does not lie on one side. In order 
to give the rails a firm bearing when 
supporting traffic, two keys are driven 
in between the rails and wooden blocks. 
The ballast is now removed from under 
the sleepers between the wooden blocks, 
down to the formation, and is replaced 
with new or cleaned material. In this 
process the ballast which can be used 
again which is withdrawn from under 
the three sleepers in the direction of the 
work which is already being prepared 
for taking the wooden blocks, is used as 
a lower layer for the first sleepers. After 
the sleeper is tamped the two blocks used 


for the first sleepers are built into the. 


third and then the process is repeated. 


Broad sleepers are specially supported 
by blocks in the middle as well as the 
ends. 


Trains must travel over the track, on 
which work is being done, at slow speeds, 
and at night the wooden blocks must be 
removed. With this process when work 
is being carried out on the track at 
several points at the same time, this may 
only be done at intervals of at least 
seven sleepers. 

At the same time as the ballast is re- 
newed, improvements to the formation 
are carried out. A good drainage and 


therefore a dry formation is at first 
aimed at. Where this is not obtainable 
by the usual means, special measures 
are adopted. In soft subsoils this is 
done for instance by the construction ot 
a porous layer (sand or fine cinders). 
In the cases of damp subsoils, rubble 
drains are provided. In cases where the 
soft subsoil swells up, and a good drain- 
age is not obtainable by means of rubble 
drains, a non-porous layer of asphalt of 
ample strength has recently been con- 
structed over the whole width of the top 
of the formation. 


The growth of weeds on the ground 


work is prevented by spraying with 
sodium chlorate, using tank wagon 
trains. In amplification it should be 


pointed out that the most suitable time 
for spraying is the early part of the 
year when the ballast is still damp 
or gn damp misty days. Most effective 
is spraying immediately after rain. On 
the other hand, spraving should not 
be carried out during heavy continuous 
rain. The tank wagon trains travel 
at 18 km. (11.2 miles) per hour. Each - 
tank wagon train is usually made up 
of the locomotive, a living car for the 
man in charge of the train and the three 
workmen who are necessary for its ser- 
vice, and eight or twelve old tenders 
each of 12 to 20 m° (15.7 to 26 cubic yards) 
capacity with a total capacity of 160 m° 
(209 cubic yards). For destroying ordi- 
nary grass, spraying with a 2 % solution 
to a depth of 1 mm. (3/64 inch) is suffi- 
cient so that 2 kgr. (4.4 lb.) of sodium 
chlorate in 100 litres (22 British gallons) 
of water are sufficient for spraying 
100 m2 (120 sq. yards) of track. In parts 
where it is moderately or densely over- 
grown, the amounts are increased. With 
an average spraying width of 4.50: m. 
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(14 ft, 9 in.) the following are the ap- 
proximate requirements : 


For 1 km. of track with little growth, 
4.50 m* (1600 British gallons per mile) of 
solution; , 

For 1 km. of track with average 
growth, 6.75 m* (2 400 British gallons per 
mile) of solution; : 

For 1 km. of track with dense growth, 
9.00 m* (3 200 British gallons per mile) of 
solution. 


10. — Piece work. 


All track maintenance work is carried 
out on a piece work basis by the rail- 
way employees where it is possible and 
economical. The jobs are measured 
according to time. Piece time is the 
time which a workman of average capa- 
city needs to carry out the given work 
in a proper manner and at a normal 
rate. Piece times are ascertained for 
each different job and as regards the 
indirect work connected with the main 
job this is either included or excluded. 
The times are laid down by the head of 
the district office after approval of a 
member appointed by the local labour 
representative. If agreement is not rea- 
ched the railway division makes a de- 
cision. 

Piece work is given either to indivi- 
dual workmen (individual piece work) or 
to gangs (gang piec2 work). The work- 
men receive an order sheet on which the 
work to be done and the agreed piece 
time are shown. If jobs oceur~ during 
the carrying out of the work which are 
not provided for on the order sheet, a 
supplementary arrangement is made. 

Premium rates are not given. 

Piece work is inspected after comple- 
tion of the work. If difference of opinion 


arises about complaints, the head of the 
district office decides after consultation 
with the representative of the piece 
workers union. Piece workers are obliged 
to attend to complaints which occur after 
inspection as a result of operating 
causes or faulty work during the week 
following the inspection without special 
remuneration and against the piece time 
laid down. The work is not considered 
as finally passed until faults are re- 
medied. By this means the assurance is 
provided that the quality of the work 
does not suffer on account of the ende- 
avour to complete the work as quickly as 
possible and thereby attain as high a 
wage as possible. 

For the maintenance of 1 km. of single 
track, reckoned per year and varving 
according to the age and traffic condi- 
tions of the track and calculated on the 
total length of all track which has to be 
maintained, 130 man-days are required 
on the average, or expressed in money, 
about 930 Rm. (208 man-days and 1 488 
Rm. per mile). The cost of the complete 
renewal of track and ballast with new 
materials is not included in these figures. 


11. — Working hours. 


The regular working time amounts 
generally to 8 hours per day and 48 hours 
per week in both cases, breaks being 
excepted. Men engaged on actual track 
maintenance must. do up to 6 hours 
overtime per week from the 1st March to 
the 31st October, so that during this 
period 9 hours are worked daily exclud- 
ing breaks. In urgent cases over 54 
hours per week are worked. This over- 
time is paid for at an increased wage 
rate. The heurs of working are laid 
down by the wages agreement made by 
the Reichsbahn. 
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42. — The commencement and finish 
of the work. 


The work begins and finishes at the 
specified working areas. For the gangs 
stretches of track are fixed, the total 
extent of which reckoned on length 
amounts to not more than 5 km. (3.1 
miles), and 2 km. (1.24 mile) to either side 
at right angles to the line and which 
serve as working areas. When deciding 
these areas only economy and the re- 
quirements of the work are considered. 
Generally speaking, the areas are there- 
fore made in the place where the work 
is mostly done, that is to say, during the 
greater part of the year (see Systema- 
tic track maintenance). 

The possibility of paying attention to 
the district where the majority of 
workers live is not prevented by this 
principle either as far as the position or 
as regards the dimensions of the area, if 
such consideration is warranted or ad- 
vantageous on account of labour require- 
ments. Such a case is shown for instance 
when an area has been defined solely 
from economic reasons, but the necessary 
workmen are difficult or impossible to 
obtain owing to their living an excessive 
distance from their werk, or if the majo- 
rity of the workmen have to come such 
a long distance that a considerable de- 
crease in their capacity for work would 
result. 

The areas are changed should it 
happen that during the greater part of 
the year work has to be carried out 
most frequently in a district different 
from the one at first anticipated when 
deciding the area. The areas may only 
be changed for a short period if this is 
done out of consideration for the work- 
men. 

If the workmen have to travel outside 


the limits of the area their standard hours 
are reduced by 10 minutes for the jour- 
ney each way for each complete kilo- 
metre at which the new site of operations 
is distant from the end of the area. 
Instead of a reduction of time one sixth 
of the hourly wage may be arranged as 
extra remuneration for each complete 
kilometre (0.62 mile). The reduction of 
10 minutes to and from work also applies 
in cases where the workman in order to 
reach the place where his work is 
situated does not have to pass through 
his regular district. If the place where 
the. work is situated is reached by rail 
conveyance (train, rail car, etc.) the 
working hours are reduced by the actual 
travelling time from the end of the area 
including any time for walking that may 
be necessary (10 minutes per km. = 16 mi- 
nutes per mile). 

If work is carried out outside the areas 
at higher rates of pay, the time of travell- 
ing is not taken into account. 


13. — Conveyance of workmen 
on the line. 


For the transport of workmen to and 
from the site of operations, trolleys are 
used especially on tracks where traffic 
is not dense, where, as a result of main- 
tenance, areas are very long and the 
possibility of using trains is small. 

These trolleys are mostly driven by 
hand by means of a lever or crank. They 
can carry 10 workmen of which 4 are 
needed for propelling the trolley. It is 
not considered advantageous to build 
larger and heavier trolleys since they 
would then he difficult to place on the 
track. In case of necessity two trolleys 
are preferable which must either be 
coupled or maintain a distance of 30 m. 
(33 yards) apart when travelling. Having 


1144 
IV—264 


regard to the special purpose of these 
trolleys it is not, generally speaking, 
advisable to equip them with a power 
drive as they then become too expensive 
and therefore uneconomical. Only on 
lines with steep gradients does the 
question of equipping the trolleys with 
motors arise so that the workmen shall 
not become too fatigued. 

Trolleys driven by hand must be 
equipped with powerful brakes. During 
the journey they must be accompanied 
by a traffic official who is empowered 
to drive the trolley. The driver must 
carry a time table for the line, a watch, 
and a means for signalling. 

When travelling on the open track 
enough men must travel with the trolley 
to be able to lift it off the track quickly. 
The speed in the case of the trolley 
must not exceed 30 km, (18.6 miles) 
per hour and with other small trolleys 
15 km. (9.3 miles) per hour. In the dark 
or during low visibility, trolleys may 
only be used in urgent cases; they must 
then bear special light signals. 

If power rail cars with motor drive are 
used for the transport of workmen the 
following special regulations apply : 

For each car a properly instructed 
driver must be present who must always 
carry his driving papers with him. He 
must be a traffic man. The car may 
follow a train immediately when it is 
necessary. This is nevertheless forbidden 
when it is dark and in weather of low 
visibility, as well as on tracks where vi- 
silibity is bad and in sections where 
tunnels occur. Before open level cross- 
ings and crossings where the barriers are 
not locked, a warning signal must be 
given, and the car must be driven very 
carefully so that it can be stopped im- 
mediately an obstacle is seen. ‘The main 
signals are generally not used for such 


cars. The passing of home and block 
signals is arranged by the assistant sta- 
tion master by means of an audible ana 
visible signal. These cars can travel on 
the open track at 25 km. (15.5 miles) per 
hour. 

All journeys with these cars, both 
those driven by hand and those driven’ 
by power, can only be made with the 
approval of the signal boxes concerned 
and under advice to the various block 
sections. 

Mechanics, telegraphmen, signalmen, 
etc., are not provided with means for 
transport. ; 

Moreover, they do not receive any extra 
remuneration for the use of their own 
bicycles, etc. In cases of necessity the 
usual trolley available is used for their 
transport. 


14, — Working up of track materials 
in order to increase their life. 


Hach track is subject to continuous 
variations in its condition, which are 
caused partly by the continual effects of 
traffic passing over it, and partly by the 
natural wear of the materials. If the 
resultant troubles are recognised and 
removed sufficiently early, the results 
are less harmful and the life of the mate- 
rial increased. 

For this reason at each systematic 
examination and thorough overhaul of 
the track, all worn fastenings must be 
removed and replaced. We use. for 
this purpose renovated fastenings to 
which attention has been paid not 
only to obtaining the original dimen- 
sions by die pressing, etc., but also to 
the wear of the parts which come into 
contact with them (rails, soleplates) so 
that proper tightening of the permanent 
way parts can again be obtained. This 


Fig. 33a. — Plugging wooden sleepers with ribbed 


plugs. 


renovation applies chiefly to the fish- 
plates, the hooked soleplates of the ola 
type standard track and the clips, etc. 
Also steel sleepers which have been 
cracked or broken at the rail seat are 
made serviceable again in that the ends 
of two sleepers are cut off and, by means 
of welding together their middle portions 
whieh are not worn so much, bending 
over the ends and punching the holes, a 
new serviceable sleeper is made. 

Wooden sleepers made of pine, the 
coachscrew holes of which have become 
large, are plugged for the purpose of 
increasing their life, and then provide a 
sufficiently firm hold for the coach- 
screws. For this purpose a ribbed plug 
is now exclusively used which is made 
of red or white beech wood, and im- 
pregnated with tar. The plug is ribbed 
on the outside and the lower part is split 
into four. The sleeper holes having been 
previously bored out, the plugs are 
driven into the sleepers (see figure 33a). 
Figure 33b shows a sleeper after it has 
been planed and. plugged. 

In addition to the ribbed plugs, so called 


Fig. 33). — Planed and plugged wooden sleepers. 


plain plugs are used. These are plugs 
considerably lighter than the ribbed 
and have to be driven in by special tools. 
For these it is not necessary to bore out 
the coachscrew holes in the sleeper. 

The plain plug is generally used 
where the coachscrew hole has just been 
widened through damage to the fibre, 
‘and the coachscrew does not hold pro- 
perly. It can be driven into a sleeper 
lying in the track without any prepara- 
tion. 

The ribbed plug on the other hand is 
used in cases where the coachscrew holes 
show signs of rot. For this plug the 
hole is bored out beforehand and by this 
the rotten fibre is removed. This work 
can also be carried out in the track after 
the sole plates have been removed. 

All switches removed from the track are 
handed over to Reichsbahn switch depots 
where the materials are examined for 
their availability for further service. Out 
of the materials so available and after 
renovation including provision of new 
materials, switches are made for further 
use on less important track. 
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45! — List of the various items of main- 
tenance work carried out and the time 
taken for them. 


Graphical records of the permanent 
way of the main lines are kept as shown 
in Appendix 7, which are based on a 
period of 25 years and which give a con- 
tinual survey as to which types of per- 
manent way sleepers and ballast are 
lying in the main lines and when they 
were renewed. The record shows in 
addition the gradients of the track and 
a diagram of the curves with special 
remarks regarding the individual curves. 


In addition a graphical record of the 


condition of maintenance of the main. 


line permanent way is kept as shown in 
Appendix 8 which deals with a period of 
4 years shows the work which has been 
carried out in each month of the year 
in renewing and maintaining the track 
and ballast, and the man-days which 
used for this. In addi- 


have been 


tion the sections which are to come up , 


for systematic examination in each year 
are specially recorded, The entries in the 
graphical records agree with the records 
kept by the gang foremen. 


By means of these records the actual 


a) Handling of materials : 


1 ton of rails — loading . 
1 ton of rails —- unloading . 


1 m* (1.0 cubic yard) of broken stone — loading 
1 m* (1.0 cubie yard) of broken stone — unloading . 


expenditure reckoned in man-days for 
the various jobs is recorded as a whole. 
For this reason this figure forms a 
valuable basis for the following years’ 
estimate, but it can nevertheless only be 
taken as an average figure as conditions 
at each site of operations vary consi- 
derably. For the exact estimation of the 
expenditure of time for a given job, as 
for instance is necessary for piece work 
arranging, all factors which come into 
consideration, such as the condition of 
the track, local conditions (high embank- 
ments, viaducts, etc.) density of traffic, 
etc., must be specially considered each 
on its own merits; for only then can the 
piece time be approximately correctly 
ascertained. For piece work arrange- 
ments therefore, the piece time must be 
refixed in each case, even if similar work 
has been already apparently done. The 
following times are standard. They can 
be less, given good work on the part of 
the workmen. An average traffic is 
assumed, that is to say, that 48 trains 
travel on the line on which the work is 
being carried out, and on the neighbour- 
ing line. For each train in addition to 
this figure, an increase of 1/200 is 
reckoned. For trains which travel slowly, 
double the time is reckoned. 


Total. hours 


0.80. (0.61) hour 
0.45. (0.34) — 


1.25 (0.95) hours 


Total. 


AMAT 


————_ 


IV—267 


1 m? (1 cubic yard) of gravel — loading . 
1 m° (1 cubic yard) of gravel — unloading 


0.60 (0.46) hour 
0:40) (0.31), — 


Total . 


1.00 (0.77) hour 


b) Actual maintenance work : 
1 metre (1 yard) rail (49 kgr. per m.=98.8 Ib. per yard) renewing 


Tamping a wooden sleeper : 
in gravel ballast, including laying, lifting 5 cm. (2 inches), 
lining up and filling in . ‘4 
in chip ballast, otherwise as above . : 
Tamping a steel sleeper in stone ballast, ieee as hive: 
Adjusting the track for line and level is carried out during 
tamping. The time for this is included in the above figures. 


Renewal of a sleeper in the track on an open line : 


Wooden sleeper in gravel ballast including tamping . 
Wooden sleeper in broken stone ballast, as above . 
Steel ‘sleeper in broken stone ballast, as above. 

For renewal at stations, each, an increase of . 


Renewal of 1 m® (of 1 cubic yard) of ballast : 

Removal of old gravel ballast and correct relaying of new gra- 
vel including the first tamping and adjustement 

Removal of old aeihy ballast and relaying new broken signe 
as above phage Meares Sus cystel:, Pees) Wak Me 

Removal of old broken stone ballast and relaying new broken 
stone as above 


Expenditure for weed destruction per 1 metre (per 1 yard) of 
track is as follows: 


Spraying with sodium chlorate over a width of 4.50 m. (14 ft. 


9 in.) with the use of tank wagon. . . . 0.066 (0.06) Rm. = 
By hand for 4.50 m. width with dense growth 0.20 (0.18) Rm.= 
Svnn less dense Srowth:) 2. wee es 0.15 (0.14) Rm. = 


ea maintenance of 1 metre (of 1 yard) of permanent way 
2.3 to 2.7 hours. 

In addition the age of the track affects this expenditure be- 
cause the extent of the work to be carried out, especially the 
renewal of parts, increases with the aze of the track. 

Renewal of 1 metre (of 1 yard) of permanent way without re- 
newal of ballast . 5 


0.64 (0.585) hour 


0.81 — 
0.87 = 
0.99 a 


1.50 =e 
1.70 _— 
1.90 — 
0.10 _— 


1.55 (1.18)  — 
2.33 (1.78) — 


ZOOL y= 


0.08 (0.073) hour. 
0.25 (0.28) hour. 
0.18 (0.165) hour. 


(2.1 to 2.47) 


6.75 (6.17) hours 
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16. — Training, education and 
instruction of employees. 


The best permanent way would soon 
fail in service if. it were not properly 
inspected and looked after. For this 
reason a thorough knowledge in respect 
of all questions and requirements dealing 
with permanent way matters is demand- 
ed from the managing and inspecting 
departments, and the staff controlled by 
them down to the track maintenance 
man himself must feel that their work is 
properly and technically correctly man- 
aged and supervised. 

In the first place the idea that any 
unskilled workman can be effectively 
employed on the permanent way because 
it is a matter of purely mechanical work, 
must be opposed. Really perfect and 
economic track maintenance is only 
possible with intelligent and well trained 
men, but, of course, a certain number of 
untrained men can be used for ordinary 
jobs, giving assistance, etc. For this 
reason, when choosing workmen care 
must be taken that they are well suited 
both mentally and physically. It is 
generally possible to cover requirements 
in suitable permanent staff men from the 
temporary labour employed during the 
summer. 

In addition to this, at the present mo- 
ment the education committee is laying 
down principles for the training of 
unskilled gang workmen in which these 
points are paid attention to. 

In view of the mechanisation of the 
work and other developments in the field 
of permanent way matters, higher quali- 
fications than hitherto considered ne- 
cessary will be required in the future 
respecting the preliminary training and 
education of the gang foremen. The 
extent of the preliminary training which 


will be required and the means by which 
further training will be controlled is 
being examined at the moment. 

At the moment it is required from an 
applicant for the position of gang fore- 
man, that he shall have been employed 
for at least 2 1/2 years as a ganger on 
track maintenance and that he has cer- 
tain ordinary knowledge. 

For promotion to the position of gang 
foreman, a better training and education 
in permanent way matters is already 
assured. As beginners on constructional 
duties, usually only those who hold cer- 
tificates of five 1/2-yearly terms of re- 
cognised technical schools are engaged, 
who have been employed for two years 
in a works, and who possess a certificate 
of having reached a certain position at 
school. : 

The apprenticeship or education of 
these applicants lasts for three years. 
After completion of their apprenticeship 
a report on their examination is submit- 
ted to the Chief Technical Secretary of 
the Railways. 

Permanent way inspectors, for which 
position specially efficient gang foremen 
are chosen, receive special training for 
their posts. Opportunity is given to them 
to get to know thoroughly all the various 
jobs which come in the range of their 
duties. For this purpose they are trained 
and temporarily .employed in the con- 
struction of permanent way, in the 
inspection of permanent way materials 
at the manufacturers’ works, in the ma- 
nagement and administration connected 
with permanent way materials, at the 
divisional offices and stores, at the im- . 
pregnation and manufacture of wooden 
sleepers in the impregnation depots, ete. 

For officials employed in the higher 
track maintenance service, a thorough 


SS —=—__—=-  ——“‘ Pm 
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training in permanent way matters and 
materials is provided. 

The gang foremen and the gang in- 
spectors are employed permanently as 
officials and receive according to the 
salary-class to which they belong, a title 
describing their occupation; chief inspec- 
tor, permanent way inspector, gang fore- 
man, gang inspector, gang master. Men 
in preparatory training for the interme- 


‘diate technical posts bear the title of 


technical assistant. 

The continual education of the em- 
ployees is assured by means of educa- 
tional courses and lectures. Beginners 
are obliged to visit the beginners’ classes 
arranged by the management. Apart 
from this, opportunity is given to a con- 
siderable extent to beginners to belong to 


schools existing in various places. 
This latter arrangement is looked after 
by the officials themselves and supported 
by the management. In addition matters 
of education are so arranged that a spe- 
cial education superintendent is appoint- 
ed for several divisions whose chief task 
lies in the education of officials. The 
education superintendent has _ special 
education cars at his disposal which deal 
with the various trades so that even the 
employees employed on the track are 
given an oppcrtunity to increase their 
knowledge by means of exhibits in the 
cars and film lectures. The various 
trade institutes also advance the educa- 
tion of their members by means of 
lectures for which the management freely 
places suitable officials at their disposal. 
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AppENDIXx I. 


Schedule of the various tools and recent appliances being employed, 
giving the date of their introduction. 


Ne —————————e——eEeeeeeEeEeeeee 


Number 
Item : : of Introdu- 
Description of the various appliances. appliances ced Remarks. 
number. in since : 


service. 


4 Track tamping machines. . . . . . .f 1300 4921. | Have been improy- 
ed in the mean- 
time. 


~ 


Portable electrical generating sets with 


tools used therewith such as: 270 4925 | 

a) Sleeper boring machines. . . . .- 340 1925 ; 

b) Screw tightening and loosening 4380 1925 
machines. 


ey) ad) SRAWR ns eee ae 2 60 4925 
d) Track illumination apparatus (lamp) 230 1925 
3 Tracklayers!< sec) ee = oS 20 1925 
+ Ballast rollers with power drive... - 35 1924 
5 Ballast boxes : 
a) For track on steel sleepers . . -]| 5 800 1926 
b) For switches on steel sleepers (acts) 3 4100 1929 
6 Rail loading apparatus . . ..... 365 4912 [Since considerably 


improved, 


7 Motor trolleys (2 and 3-seater). . . . . 820 1925 
S Motor inspection trolleys. . . ... .- 35 1927 
9 Heavy rail motor ears for inspection. . . 40 1927 
10 Self-discharging ballast wagons . .. . 640 1926 
ii Tank wagon trains for chemical destruction 50 1926 


of weeds on the track. 
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Tracklayer, Ho: 


_———— 7 27,30nF 
aN t y}—_ 715m —fe_______ 4,757 


| Ausbaunmogen 


Tracklayer, type Niederheim. — 


| 


‘ Ausbaumagen 
| 


| ® 
Works within the loadi 


Transportation of the sectio 


Assembly of the sections of track if materi 


Hwplanation of German terms in diagrams: Ausbauwagen = Track loading wagon. — Einbauwagen = 


Jochen = W: 
\ 


ot 
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APPENDIX 3 


, 
ut never Jochen. 


27,30m 
14,15m 
iio at ES 


Wagen 


Einbauwagen 


Linbouwagen 


: with two tracklayers. 


hand to the 
———— crane wagon. 


‘power on to the 
laid ready. — Section length: 49 ft. 2 1/2 in. 


aying wagon. — Wagen mit ausgebauten Jochen = Wagons with old sections. — Wagen mit neuen 


new sections. 
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APPENDIX 5. 


Track in good condition. 


_Stoprentungen und Scbienendurchbiegungen der rechten Fabrschiene 417 


om 
Sedlinie 


Gegenseitige Hapentage der Scpienen ~4°5 


Stofisenkungen wd Scbienen durch diegungen derlinken Fabrsepiene Ait. 


Spurweite 1:2 4432 


OS S| ee ee EE Ee ee 


D« S4 Kmlstel. 


Geschvindigkeitskurve aamilsid « 4am. 


PTH 


>) 
_Ortsmarken 4 n+ 8 4st 


RSD SS EAA EE PIV VLE PES ae thal FRE A USI 


Explanation of German terms in Appendices 5 and 6: Gegenseitige Hohenlage der Schienen 1:5 = Relative height of the rails, 
1:5. — Geschwindigkeitskurve 1 km/std = 1 mm = Speed graph — 1 km. per hour = 1 mm. — Gleisrichtung = Alignment of 
track. — Gleis wird umgebaut = Track is being relaid. — Nachtriglich eingezeichnetes Kurvenband = Curve indication drawn 
in subsequently. — Nullinie der Geschwindigkeitskurve = Zero line of the speed graph, — Spurweite 1:2 = Gauge 1:2. — 
Ortsmarken 1 km = 151 mm. = Distance 1 km = 151 mm. — Sollinie = Normal line. — Stossenkungen und Schienen durch- 
biegungen der rechten (der linken) Fahrschiene 1:1 = Joint shocks and rail deflections of the right-hand (left-hand) 
rail 1:1. — V = 61 km/std = Speed = 51 km. per hour. — (Ueberhoh. nach alten Oby.) = (Super-elevation old standard). — 
(Ueberhéh. nach neuen Oby.) = Super elevation new standard. — Weiche = Switch. 
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APPENDIX 6, 


Track in bad condition. 


topsenkungen und Schienendurchbicgungen der rechten Schiene if 
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Baplanation of German terms (Diagram, Appendix 7): Auf 30 m. geschweisst = Welded to 30-m. length. — 
Bahnmeisterei = Gang office. — Bettung = Ballast. — Br. + 22 H = Broad + 22 wood. — Br.+24 
= Broad + 24 steel. — Horizontale 40 m. uber N. N. = Zero 40 metres above sea level. — Grosste Ueber- 
hohung in mm. = Greatest superelevation in mm. — Kurvenband = Curves. — Lange des Uebergangs- 
bogens in m. = Length of transition curves in metres. — Linkes gleis = Left track. — Nr... des 
Achsdruckverzeichnisses = No... of the axle load class. — Oberbauformen = Kind of permanent way. — 
Oberbau mit Schienen der preuss. Form 15 oder mit Schienen von iiber 43 kgr. Metergewicht = Track 
with rails of Prussian type 15, or with rails of over 43 kgr. per metre weight. — Oberbau mit Schienen! 
der Preuss. Form 8 oder mit Schienen von iiber 40 kgr. Metergewicht = Track with rails of Prussian 
type 8, or with rails of over 40 kgr. per metre weight. — Oberbau mit Schienen der preuss. Form 6 oder| 
mit Schienen von tiber 30 ker, Metergewicht und mit Schienen alterer Formen = Track with rails of 
Prussian type 6, or with rails of over 30 kgr. per metre weight and with rails of older types. — Rechtes 
gleis = Right track. — Reichsbahn Betriebsamt = Railway District Office. — Reichsbahndirektion = 
Railway “Division. — Reichsoherbau B (K, 0) = German Track B (K, 0). — Schienen besonderer Wal- 
zart (verschleissfest usw.), an den Stéssen geschweisste Schienen von 30 m. Baulange = Specially rolled 
rails (anti-wear, etc.), rails welded at the joints, rails of 30 m. length. — Strecke = Line. — Schienen 
wie oben = Rails as above. — Steinschlag 1 KI. = Broken stone, 1st quality. — Schwellen = Sleepers. — 
30 m. Walzlange = 30 m. rolled length. 


Explanation of German terms (Diagram, Appendix §): Bahnmeisterei = Gang Office. — Bettung = Ballast. 
_ — Bettungsverbesserung = Improvements to ballast. — Bf. Jiiterbog = Jiiterbog Station, — Einbaujahr 
= Year of laying. — Gesteinsart = Type of stone. — Gleise, die zur planmassigen Durcharbeitung fir 
das folgende Jahr in Aussicht genomen sind = Tracks which it is proposed to examine systematical'y 
during the following year. — Gleis Berlin-Halle = Line Berlin-Halle. — Gleis Halle-Berlin = Line Halle- 
Berlin. — Halbm. 3000 m. = Radius 3 000 nctres. — Horizontale ither N. N. = Zero line above sea level: 


-— Kurvenband = Curves. — Nr... des Achsdruckverzeichnisses = No... of the axle-load class. — Ober- 
bauform = Permanent way type. — Reichsbahn-Betriebsamt = Railway District. — Reichsbahndirektion 
= Railway Division. — Sandboden = Sand. — Schienenauswechselung im Zusammenhange = Changing 


of rails in connection therewith. — Steinschlag (Basalt) = Broken stone (basalt), — Steinschlag (Quarz- 
Porphyr) = Broken stone (quartz-porphyr). — Strecke = Line. — Schwellenauswechselung in Zusammen- 
hange = Changing of sleepers in connection therewith. — Untergrund = Subsoil. — Vollstandige Gleis- 
ernenerung mit Altstoffen unter teilweiser Verwendung von Neustoffen = Complete relaying of track 
with old materials with partial use of new materials. —-Volistindige Gleiserneuerung mit Neustoffen = 


Br. + 22 E Broad + 22 steel. 
Complete relaying’ of track with new materials. — B49 — = Btype, 49 ker. ————_————___-. 
15 15 m. length 
Br + 22H Broad + 22 wood 
— K 49 ———____—__—_—__ = K type, 49 I:gr. oe 2 
15 (30 m. geschweisst). 15m (30 m. welded). 
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